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FOREWORD 

1. SCOPE OF MANUAL 

This manual contains information tor the installation. operation, and maintenance of the Communications System 
Analyter 

2. PURPOSE AND US! 

Th MotorOla CommuniCations System Analyzer is a portable test instrument, designed specifically tor the service 
and monitoring ot communlcattons equipment. Its functions supersede those of a Service Monitor. expanding the fea­
ture!! and capabilities to the potnt wherein servicing is achieved with a single instrument. rather than a host of sepa­
rnte equipment. 

Tho R200tC Is the standard Communications System Analyzer. The R2002C Analyzer. which contains the IEEE-
4ij8 Standard Interface control bus. is also available. Programming for the R2002C is covered in Section 21 of this 
manuol 

rho Anaty1er Improves a technician's efficiency and accuracy and reduces servicing time. 

Tho Communications System Analyzer performs the functions of signal generation. signal monitoring and the tests 
normally associated with the devtces listed below. 

• Spectrum Analyzer 

• Duplex Gonerator 

• Modulation Oscilloscope 

• Frequency Counter 

• AC/DC Digital Voltmeter 

• RF Wattmeter 

• General Purpose Oscilloscope 

• Multi-Mode Code Synthesizer 

• Distortion/SINAD Meter 

• Sweep Generator 

The Analyzer meets the shock and vibration requirements of EIA test RS152B, the same specifications met by 
Motorola mobile radios. This minimizes failure when the instrument is used in a mobile service van, and means it is 
as tough as the radios it services. 

The Communications System Analyzer is designed to be serviced quickly and easily, should a breakdown occur. 
The majority of the circuitry is on twelve modular plug-in circuit boards which have built-in test points that aid in isolating 
the problem to a specific board. Simple plug-in replacement gets the instrument back in service. 



 

CAUTION 

This equipment conta1ns parts that are sut>tect to damage oy static ete<:trieit y. Proper 
precautions should be taken during handUng 

WARNING 

U th1um Banery 
The processor module w1th1n th1s system u tiHzes a Nthium ballery as a memory keep-alive 
VOltage source. Do not mut ilate or disassemble the ballery ceiL The lithium metal is a very 
active material that burns in the presence o f water or high humidity. Do not put the battery 
in fire. attempt to charge. heat above l OO"C, or solder directly to the cell. Do not 
ovE!f"discharge the cel l to a reverse voltage greater than 3 volts. The battery may burst 
and bum or release hazardous materials. See section 5-143 of this manual for battery 
troubleshooting procedures and cau tions 

CAUTION 

Li thium B attery 
Lithium batteries are classified as hazardous matefials and must be disposed of 
accordingly. Do not dispose of the ballery by placing it in with the everyday trash. Coosult 
state and local codes for the appropriate disposal procedure_ Motorola win dispose of the 
battery if the eKpen6ed battery is returned in the replacement battery container and by 
the same method that the new battery came to you, send to: Motorola Inc., Return Goods 
Depanment, 1313 East Algonquin Road, SChaumburg . Ill. 60196 

FIQure 1-1. Communications Systfffll Analyzer 

l-0 
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SECTION 1 

-2 Thrs sectrcn l·sts •he physiCal, er.>ctr!Cal ,lnd rnpu!/output charactenst.r...; ottne CQummvnieations :)ystem .o\na 
f~ershown lnf ~gln<.' l- 1 

OesCllpt. ::m 

20.75111Ches(52.7cm) 
15.75inches (40.0 cm) 
625111Ch6s (21.0cm) 

48 pounds (21.9 kg)(Exclod~ .g 6attery Pack) 

----'----------~ 

Frequency 
Range 
Resolution 
Accuracy 

Output (into 50 ohms) 
Attenuator 
Range 
Accuracy 

Spec tral purity 
Spunous 
Harmoni-cs 

Frequency modulation 

"'""' Accuracy 
FMresidual noise 
External/internaltrequencyrange 
Externalinout 
Modes 

CharacteristiCS 

Dyn.~micrange 

Frequency 
Range· 
Fullscaletrequencydispe,:sion 

Frequency offset 

Modulation leYet (FM only) 

.... 
Frequency responn 
Extern.! vertie•l input r•nge 
Sweep ..tea 
Sync 

Readout 
lnputseositivity 

DCaccvracy 
A(; accuracy 
AC bandwidth 

Code Synthesizer 
Frequency range 
Resolution 
Frequency accuracy 
Distortion 

ElectricaJCtlaractensti<:r. 

Description 

S1gnal Gen.er.tor Mode 

10 kHz to 999.9999 MH~ 
jQQ H~ 

Equal to masteroseillator :iml.'ha51! 

16dB variable plus 10dBstepf n~w 13 ranges 
0 1 ~ V to 1 Vrms ( - 127 dBm to t" 13 dBm) 
: 2 CB accuracy on 0 dB step ~ttenuator rallge 
- 2 dBac;ross other stepattP.Ouatorranges 
• 1 GBovertempermure t .Jfl(jC" 

40 dH 
t 5 c!B 

0 -SOkHz peak 
5°0 ollunscale 

100Hz 
5Hz . t0kHZ( :t: 1 dB) 
Approxrmately 150mV for 20kHz deviation 
lntem<tl. extemal. microphoneorallsimultaneously 

Eklctnc.IChal"acterlstics(Cont) 

DescriptiOn 

;;o 75dB displayed. 105dBm to 30dBm input range with 
stepattenuator 

4 MHZ IO 1,000 MHZ 
Adjustable belween 1 MHz and 10 MHz 

Adjustable lrom 0 to 10 MH~ plus fixed offset ol45 MH~ (high or 
low Side) 
Adji.IStabla from 0 to 20 kH~ peak deviation 

Bcm X I Ocm 
DC to 0 .5 MH~ (3 dB point) 
tQmV, 100mV, IV, 10V(perdivision) 
1 ...s. 10~<• · 0.1 ms. 1 ms O.Dl S. 0.15 (per division) 
Automatic, normal and delayed triggering. Delayed triggering iS 
programmable to 10 seconds in 1 ms steps and works in 
conjunction with the oode synthesizer. 
S.. "CAU'TION" note on page 4-19 

Frequet"M:yC--.. 

t 0 Hz to35MHr 

5digit. autoranging 
30mVtrom 10Hz to iMH~ 

50 mv from 1 MHz to 35 MHz 

Autorangingdigitallbplay. t , 10, t00, 300voltslullscale. AC­
dBm calibrated across 600 otms 
r 1% otfullscale :t l leastsigojficantdigit 
:t 5% ollullscale 
50H~I0 1 0kHl - ...... 

1

5 Hz to 9 .9999 kHz sinew ave 
0.1 Hz 
:t O.OI% 
< 1% 
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Table 1-2 Electrical Charact..nsties (COni) 

AmplitUde modulation 

""""' Accuracy 
Externalfmtemallrequeocy range 

""""' 
Double sideband 1upprused 

Carrier suppression 

Frequency 

""""' ResolutiOn" 
Accuracy 

Frequency enor indicator 

Input sensitivity 

Spurious re1ponae 

DeYi.tion Measurement 
Range· 
Accuracy 

Peak deviation limit alarm 

AM modulation me .. urement 
Range: 
Accuracy 

RFWattrneter 
(Autor.ngingciispllly) 

Frequency range 
Power range 

"""'~' Protection 

Signaling sequences 
TwoTone AJB 

5/6Tone 

Mobile Telephone 
IMTS 
MTS 

"'" Seloc1V 
ZVEI 

DescriptiOn 

Oto 80% from 1 toSOO MHz 
:!:10%oltun scale from O"Ao to 50% AM 
5Hz-10kHZ ( ::!: 1dB) 
Internal. external. microphone or aN simultaneously 

> 25 dB (I MHZ· 500 MHZ) 

Monitor Mode 

1 MHZ to 999.9999 MHz 
100MHz 
EqualtothatolmasterosciHatortimebase 

Autoranging CRT display. !: 10Hz resolution lor frequency error 
measurements on 1.5 kHz. 5kHz and 15kHz fvR scale ranges. 
:t 1 H~ resolution on the 50 H~ full scale range 

t .s,.v lor 10 dB EtA Sinad(narrow band :!: 6kHz mod 
acceptance) 7 ~' V lor lOdB EIA Sinad (wide band :!:: 100kHz 
mod. acceptance)4 MHz to 1000 MHz. useaOie to 1 MHz 

- 40dBtypicat 
0 dB image at ::!: 21.4 I MH~ 
- 10dB atL.O.harmonics :!:10.7MHz 

1. 10. 100kHzfuhcale 
± 5% otreading :!: 100 kHz from 500 Hz to 50 kHz deviation: 
± 10'% of reading from 50 kH~ to 75kHz deviatiOn 
Set via keyboard to 100Hz resolution(O. t kHz to99.9 kH~) 
AUdible alarm indicates limi t cooditiOn 1n an Monitor Modes. 00.0 
setting disables the alarm 

Oto\00% 
:t 5% olluHscale 

1 MHZ to 1000 MHz 
1.0wattsto125watts 
::t 10%,1wattto125watts 
Over temp indicator 
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Electrical CharacteriSticS {Cont) 

""'"""-lOne and Voice Sequence 
Two user programmable 
{See figure 1-2 for sequence timing) 

091 Frequencies {See figure 1-3 lor sequence timing) 
0- 600Hz 
1 - 74 1Hz 
2- 882Hz 
3-t023Hz 
4 -11 64Hz 
5 -1 305Hz 
6 - 1446Hz 
7 - 1587Hl 
8-1728H~ 

9 - 1869 Hz 
A - 459Hz 
X - 2010Hz 

{See figure 1-4 for sequence timing) 
{See figure 1 -5 for sequeoce timing) 
(See figure 1-61or sequeoce timing) 
Tonelength-70ms 
Digit Frequencies 
1-1060H~ 

2 - 1160Hz 
3 - 1270H~ 
4 - 1400 H~ 

5 - 1530Hz 
6-1670H~ 
7- 1 830 H~ 

8-2000 Hz 
9-2200 Hz 
0-2400 H~ 
A- 2600H~ 

Tonelength - 70rr.s 
t)9tFrequencies 
1 - 970Hz 
2- 1060Hz 
3-1160 H~ 
4 - 1270H~ 

5 - 1400Hz 
6-1530H~ 

7 - 1670H~ 

8 - 1830H~ 

9- 2000H~ 
0 • 2200H~ 
R -2400Hz 



 

 

TaOie l -2 Eloctncul cnaractlllishcs (Cont) 

CCIR (100 ms) 

CCIR (70ms) 

Di9i11lprivateline(OPl) 
Fho;ed1 kHz 

Accuracy: 
Dislortion 

E11t1m11 1nput M­ElctemaiJack 

~~range 
Impedance· 

Code synthesizer external outpUt , . .,., 
Input Frequei"ICy: 
Input level range· 
Sin.daeeuracy: 
DisTortiOn Accuracy: 

I I!III IIS ,!<IIS 

~I 

I 

• • ~IOS ""' "ll.C'OI 'Ili i .. Oi!; 

••• 'll iOSWJ<OLLII\Uill iioiiOS 

I 

I 1 

Tonelenglh - 100ms 

~~'t;~ 
2-1 197Hz 
3 - 1275 Hz 
4 - 1358Hz 
S - 1446Ht 
6 - 1540Ht 
7-1640Hl 
8 - 17471'11 
9 - 18601-lt 
0 - 1981 Hz 
A - 2110 Hz 

Tonelttngth - 70ms 

OogltF~ 
Same as CC1R j\00 ms) 

Tonelenglh - 40ms 
DigltFroquencies 
SameasCCIA 

Description 

Aemole base acoess sequence as loiOwS 
ToneAtor150msec 
tone 8 lor 40 msec TO dB below Tone A 
Tone Aoontinuously30d8 De1ow the ITs! lOne A bu"st 

Codes 000 to 777 and inverted 

EQu&ltomastertimebase 
.;; ! % 

Staodard RTM 4000A miCrophone interface wittiiOC 

5Hz to 10kHz 
1 wmsmaDnum 
10Kotm~ 

0·3 vrms into a 600 ohm load 

Oistonlon /SINADMetttr 

O.SV Io ! OVrms 

I 
""" 1 "' 
:: 1 dB at 12d8 Sinad 
!. 0.5% o1Dis!ortionlor1% .c; THO < 10% 
.t 1%010.slortionfor 10% < THO < 20% 

I I I I I 

I ' I 7 5 I 
I • I 

F19ure 1.3 516 Tone 5Quenoe Timing 

FIQIJre ' ·"' IM 1 S SeQvonce nming 

F.gure 1-5 MT S SeQuenceTn'ling 

l!ep .... . ..,, ... 
~TCII:O 

ElectricaiCharacleristK:'s(Cont) 

I 

Switch Selectable: 100Hz. ! 'kHz. 10kHz. 100kHz and 1 MHZ 
( + or - ) 
5steps/sec 

1

...,., " X 10"'""Y'" 
Temp: % 1 x 10 1maxmumefTOI'owertheO• to55"Ctemprange 
Aging:.: 1 X 10- •peryear 
Temp: .:5 X T0 - 1 maximomerrorower the0~ to5S "Ctemp range 

(warmup to %5 X 1Q - 1 offinallrequeneywithin20minues) 

1

100-1 30 VIC , 200-200 VAC 47-63Hz 
+ 11 .5V0Cto + 16VOC 
13.6V battery - provides 1 hour continuous operation 
o• to5s•coperation; - 40" to85"Cstorage 

1(·~:~ 

"" ' I ,. ':_ 1 -_-.. ==~+---- " I t-- Si c~ stc sec--J 

'"~:~ 
ll)lrll K I " L. ______ ___. I 

-~,-1----~nc---+---~ic-----J 
TONe ANOVOICESEOUENCE 

Figure 1·2. Two Tone(A/8)5eQuence Tming 

E•ll\of!t 
Vor tJSINAOIOIJV0VM/Count8f In 

RF in/Out 

tOMHzstd ~t~(ruar panel) 
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Figln 1.6. 28055eQueooeTifTling 

~I.J lnput/OutputCharacteristics 

I Description 

1DK otvnsnominal. tSOmV typical lor 20kHz dev. FM ex 80% 
AM 

Mic: input prOVides tlias and IDC limiting suiTable lor- Motorola 
ATM 9000A handset. PTT switChes A2001 from monitor to 
Qenefate 
1 voltminimumlorluflscreendellectiOn. Ma•imum input10vol!s 
I Meg Ohm, 40 pf Nominal; .: 300 volts DC max. 300 Vrms mu 
at ITequeoaes below 500Hz. 10 Vrms max up lo35 MHz 
• Scope vert in: DC to 500kHz or 50 Hz 10 500kHz N:. mooe 

(.±3dB) 

• Distortion/Sinad i-1: 0 .5to 10 Vrmsinat 1kHZ 
e DVM in: 1. 10. 100and300VfullscaleAC(trueRMS)orDC 

fJC bandwidth 50Hz to 10kHz fOf : 5 °~ F.S. accuracy (AC 
dBm calibrated across 600 ohms) 

• Frequency coun1er in: 30 mv or greater required from 10Hz to 
1 MHz , 50 Mv or greater required from 1 MHz to 35 MHz 

50otwns nominal, 125 watts max (1-1000 MHz) 

The RF In/Out Jack is protected against AF OV1!fload_ However. 10 
prevent undue stress on the protected circuits it is advisable to 
always switch the system to the IX)wer monitor mode before 

~power~ u .cess of~OO mV. AdditiOnal protection is also 
obtained by maJung 11 a practiCe not to leave the step anenuator 
inlheOdBposilion 

Characteristics sU!able tor Motorola ST-1200 series Waltmeler 

""""'" 701o350mV rmsinputreq..*edat TOMHz,irnl)edancegreaterthan 
50 ohm• 



 
 

Table 1-3. lnpuVOutput Characteristics (Cont) 

Characteristic Description 

Output 
. 

Mod out Up to 11 vpp into 600 ohms 1 0 Hz to 1 0 kHz 
Demodout Typically 3 vpp into 600 ohms for ± 5 kHz deviation narrowband, 

4 vpp lor :t 75kHz deviation wideband. DC to 10kHz response 
RF in/out 1.0 Vrms ( + 13 dBm) to 0.1 !lVnns ( - 127 dBm) 50 ohm nominal 

source impedance. 10 kHz to 1.0 GHz. 
Duplex gen out - 30 dBm typical, 50 ohm nominal source impedance 2 MHz to 1 

GHz 
1 0 MHz std out (rear panel) 250 mV nns nominal output into 50 ohms 
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2-1. DESCRIPTION 

SECTION 2 
DESCRIPTION 

2-2. The Communication System Analyzer is a portable test instrument designed for servicing and monitoring of 
portable, mobile, and land base communications equipment operating over the frequency range of 1 MHz to 1 GHz. 
The unit performs the functions of signal generation, frequency error and modulation measurement. It is also capable 
of a variety of tests normally associated with the following devices: 

• Spectrum analyzer 

• Duplex offset generator 

• Modulation oscilloscope 

• Frequency counter 

• AC/DC digital-analog voltmeter 

• RF wattmeter 

• General purpose oscilloscope 

• Multi-mode code synthesizer 

• Distortion/SINAD meter 

• Sweep generator 

2-3 MICROPROCESSOR. A Motorola M-6800 series microprocessor permits keyboard entry of data, autoranging 
of displays, fast frequency access, and permanent storage of often-used frequencies and codes. Generate and monitor 
RF frequencies, tone codes, and timing sequences can be programmed into a nonvolatile memory, saving time and 
eliminating entry errors. When one particular type of equipment is continuously serviced, the unit can be programmed 
to select the mode of operation required when first turned on. 

2-4. DISPLAY. All functions, generated or monitored, are presented on an 8 em x 10 em cathode ray tube (CAn 
in both analog and digital format, with the name of the function being displayed. The CRT also displays control settings 
eliminating the need for operator search of different equipment panels. Digital readouts are visually aided by the use 
of the continuously autoranging analog line segments, which are similar to a bar graph. Each has a base line and 
calibration markers, in addition to the intensified segment showing the measurement. The user selectable displays 
are listed in a column beneath the DISPLAY heading on the front panel. Choosing a display is accomplished by pressing 
an arrow button below the column, for up or down movement, as required. When the appropriate arrow is pressed, 
the LED adjacent to the selected display illuminates. FUNCTION is selected in the same way, providing rapid, accurate 
changes in service capability at the touch of a button. 

2-5. SYSTEM WARNINGS. To aid the technician in servicing, visual warnings will appear on the CRT when certain 
overload or caution conditions exist. Displays warn of low battery power, overheating of the RF load, or an improper 
attenuator setting for particular measurements. In addition, a continuous audible alarm sounds when a preset deviation 
limit is exceeded in monitor modes. This limit is entered by using the keyboard and may be programmed from 0.1 KHz 
to 99.9 kHz, with 100Hz resolution. 
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2· 23. Power Suppl~ The Comm!.nications System Analyzer may be powered by a variety oJ sources 

ACat1 100t220Volts,50.60Hz 

DC from an extemal\2 von SOI.J'te iWChas a servicevehide 

DC from an optional banery pack. Servicing can thus be accomplished wherever the equipmentlJI'Ider test iS 

"""" 
2· 24. ACCt:SSORifS. 

2-2~ . Figur~ 2-t ilustrates and Table 2-1 lists the accessories supplied Wllh the Corrrnunication System Anatyzar. 
OptiOnal eQUipment available for use with the unit is listed in Table 2-2 

Figure2-1 . AccessoriesSuppliedwithAnatyzer 

ll!dt 2-1 Acoeuoriet Supplied with lhe CommUillcatKln Systems Analyzer 

Equipment 

.... ..,... 

~..-

In-line wanmeter aoapter 

Coaxaclaptef 

"''"""""""' 
Connect« k•t 

Equ1Pffi8fi\ 

Motorola Par1 No 

15-80335A70 

15-8033SASS 

JO.B<)336A36 

RTl.-AOSSB 

58-8-4300A98 

TEKA-24A 

APX..4097A 

Front panel and CRT protechon, storage of cables 
power cord. and other equtpment lor on-Me serviCK'Ig 

SnapoverCRTclurii'I9U5e lflbnghtsunlight 

Three conductor cord to supply AC power to urut Also 
used when cnargong optiOnal Da11ef'Y pack 

A XI probe wilh;~uactvnents f« generalservoong 

Allows use of Motorola ST-1200series on.lifle wa11m&­
ter elements for direct measvrement and display ol for. 
wardandrellectedtransmrttedpower 

Adapts front panel " N" oonnector to BNC female 

Plugs in to RF in/out connectOt on front panel, wtth N to 
BNC adapter. Used for otl-!l'le-air transmitter and 
receiveJtests 

ConSistsoJcornectorshei.Ciamp.ancl lcuconnector 
pns, Used to fabnc:<ue a mattng plug lOt male de 
power connedor at back ol analyzer. Enables user to 
makeadcpowercabletointerc.onnectseparate 
powersourcetoanatyzer. Pins 1 and2arepositive, pin 
3isthecharginglioe, pon4isgroulld 

Table 2-2 Optional Equopmenl for Use with Anat~zer 

tEEE..488Stanclarclnterfaoe ~factory lor Enables~ automatic testong w•lh the Uflll Oyexternal 
ous opiiOrl retrofit Wormation control from a computer or programmable controler 

Bauetypack 

High-stability oscillator 

'""'"' 
Protective cover 

13.6voltDaneryandcnargera.ttactleStobackoJU'le 
lrit. Providesooe hoorofcontinuousoperat!On Can­
notbeused'Mih IEEE..488op1i0n 

lmprovesstatlilityoflhetimet>aseasspectliedtnelec­
tricat characteristlcssection 

Padeedfabnctypecovef \o protecturutfromexces­
sivelieldwear. 



 

3-1. PACKING INFORMATION 

SECTION3 
INSTALLATION 

3-2 . The unit is packaged In a liberboard carton and protected by loam pieces as shown in figure 3-1. The unit is 
lirst packed In 8 cardboard container and then this carton is packed in a second, larger cardboard container, for fur­
thor protection . Save tho packing container and materials for future use. 

Figure 3-1. Typical Communication System Analyzer Packaging 

3-3 . All accessories supplied with the analyzer are packed in the analyzer cover. 

3-4. INITIAL SETUP 

3-5. ANALYZER. To set up the Analyzer for use, place the unit on workbench or in mobile repair unit. Remove the 
front cover by operating the two latches on the bottom of the cover. Lift the cover and slide it to the side to separate 
the hinges. Remove the power cord (AC or DC) that is stored in the cover. Attach the female connector of the power 
cord to the appropriate connector on the rear panel of the analyzer, and the other end to the power source. For AC 
power a grounded 3 wire power source of 100-130 Vac or 200-260 Vac, 47-63Hz must be used. 
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NOT'! 
The unit is set for 11 0-130 Vac operation from the factory. For operation from 100-110 Vac 
or 200-260 Vac. the voltage selection card mu t be readjusted before connection to the 
power source. This is accomplished by the follOwing procedure: 

1 . Remove the power cord from the rear panol connector. 

2 . Slide the selector card cover door over th connector area exposing the selection card and fuse area. 

3 . Pull outward on the fuse ejector tab and remove fuse. 

4. Remove the printed circuit board voltag - tor card by pulling straight to the rear. 

5. Reinsert the card at the orientation which c u -a the appropriate voltage range (marked on card) to be 
displayed. 

6. Install the proper fuse (1.5A for 100-130 VAC. 0 75A for 200-260 VAC). 

7. Slide the cover plate back to the onginal pos1t1on. connect power cord. ~nd proceed with system operation. 

Remove the accessories to be used from the covo1. Mov th POWER switch to the ON position. When the Oven 
Ready indicator illuminates the unit's frequency standard Is tabilized and the unit is ready for use. (instantaneous 
with standard TCXO). 

CAUTION 

When installing the analyzer in a vehlclo. th DC supply line should be fused close to the 
vehicle battery. The analyzer is protected egalnst overload by the DC-SA fuse on the rear 
of the unit. but the vehicle is not protected. 

3-6. BATTERY PACK. The battery pack is attached to the rear of the analyzer with two clips and two screws. 
Align and slide the mounting clips of the battery pack Into thO slots on the mounting brackets on the left side of the 
back panel of the analyzer. Align the captive screws with the mounting holes on the right of the panel and tighten. 
Connect the power plug to the connector at the top nght of the rear panel. 
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4· 1. GENERAL 

SECTION4 
OPERATION 

4-2 This section contains informat1on for the operation of the Communication System Analyzer. 

4-3. CONTROLS, INDICATORS, AND CONNECTORS 

4-4 The analyzer controls. Indicators. and connectors are shown in F1gures 4-1 through 4-3 and listed w1th the1r 
funct1ons 1n Table 4-1 

Table 4-1 . Controls. Indicators. and Connectors 

Item Descnption Function 

FRONT PANEL (fig . 4-1) 

Keyboard Twelve-key pushbutton Enters variables into memory/enters manual vanables/ 
keyboard selects variables to be used from the memory. 

Line cursor key Moves the cursor down to the next line that may be 
changed. Preset permanent entries are skipped. 
Cursor will move down only. When on last line. will 
return to top line with next entry. 

4 Honzontal cursor key Moves the horizontal cursor left to the next entry 
position that may be changed. When in the last left 
position. the cursor will move to the far right with the 
next entry. 

0 through 9 Numencal keys Used to select from the memory a stored value to be 
used. or to enter directly a value to be used. 

• Intensity Stacked concentric 
• Focus potentiometers 

• lntens1ty - center Controls the intensity of the scope presentation. 
(small) knob 

• Focus - outside (large) Controls the focus of the scope presentation. 
knob 

Dispr/Sweep control Potentiometer Controls the frequency span (1-1 0 MHz) displayed on 
the CRT when unit is used as a spectrum analyzer. 
Provides sweep width control when either sweep 
function (SWP 0.01 -1 MHz or SWP 1-10 MHz) is 
selected. 
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Table 4-1 Controls Indicator• and Connectors (Coni) 

Descriptoon Function 

FRONT PANEL(flg. 4-1) 

RF Scan iHzJSeci 
switch 

POWER switch Three-position toggle 
switdl. 

Ba\lrndicator LED(red) 

AConc:l~eator LED (red) 

OvenAeadyindicator LED(red) 

OtSPL.AY lflOicators TweiWILEOs (red) 

AlloWI.utomalicscanofthegeoerated orthe 
~lr'8quetiCy. Theswitcllsettngndicatesrcne 

ofnqu.,cydlange. The rate isS steps per second. 
wltf'1~stepsoi100 Hz,tkHz,10kHz , 100 
kHtand l MHz 

a. Energizesalc:ircuitry nthi!Onposilion. 

b. At Standby position, removes DC fn;m an 
t*W1ry ellCel)1 the ITequency standard and 
batterydlarger. 

c. AtOff.ontytheDatterychargiogc-euotryis 
operativeifanacpowersource isbeingused 

IIU'ninates wh&n equipm&nt is us.ng DC power. 

llumonales when equipment is connected to an ac 
power scuce. Position of POWER swrtch has noeflect 
onindicator. Equ.pmentautomatiCafy switchesto ac 
power 50tiCe when oonoected to ac line voltage. 

Illuminates when optional frequency standard oven has 
stabilized. Continuously illuminated wilh the TCXO 
frequency standard. 

llluninale one at a time to inOtcate the lunc:non or type 
ofoperationthe~t15perl01'1TW1Qandthe 
~nlotmation displayed on me CRT. 

• · GenJ'Moo Mtr - In tne generate mooe tne center 
treQoency, output power. and modulation depth 
ol the Rf output is displayed. In the monitor 
mode thecentef freql.lency . inp!Jt power. 
hqoency error, and mo:lulatio:'l depth of the 
r'IK8vedcamer 1S displayed. 

b . Modulation - The modui!Uoon 1111d10 on the 
generatemodeorthedemoc!utatea aVOioll'lthe 
monitorrncx:le ts clispl;~yed 

c . Spect Analyzer - The spectrum analyzer m:xle 
Is enabled. The RF spectrum and the operatrng 
ceoterfrequcncy ls displayed 

- I . 
I l 
I l 
I l 
I l 
l l 
l l 
l l 
l l 
. ) 

. ) 

. ) .] 
I 
. ) 
. ) 
. ) . ) 
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FUNCTION switch 

Fogum 4-2 Controls. lndrcators. and Connectors. Left Side Panel 

Frgure 4· 3 Colllro ls, Indicators. and Connectors. Rear Panel 

I 

,_, 

Table 4 1 ContrOls lrdcators and Connectors (Cont) 

Description I Functio:'l 

FRONT PANEL(t\g. 4-1} 

Ttvee-positio:'IIOggle 
switch 

d Duplex Gen The l;tupie)t gefB"ate and mono tor 
frequenQes are displayed. The o:tepth ot 
modolationontheoeneratoroutputoronthe 
receivedcarrierisindieatedforthegenerateand 
monitormodesrespeclively. Forthisdisplay. the 
function switch only selectS wnid\ modulation 
readingisclisplayed. 

e. AF Memory- The 1W1e stored RF lrequl!ncoe:S Of 

OPlcodesWJitl\heotc:orrespondingPt.andthe 
currentfrequency in usearedrsptayed. 

f . Tone Memory- The user selectable parameters 
forthecodesynthesizerareclisplayed 

g. Freq COunter - Thll freQuenCy of the ~at input 
tothetrontpanellfeQverleyQ)I.JI'lterlackrs _,.. 

h. OVM/Oist-ThetrueRMSI>GorDCievelolthe 
Signalatthefrontpanei OIJM jack_isdisplayed 
The ACorDC f'llOdeiSsel!!cted with the display 
cursorandthekeyboarCI. The battery voltage is 
also displayed. 

1. Ext Wattmeter- The e"temal wattmeter element 
selected and the torw8ld and reflected power 
beingpassedthruthatetementaredisplayed. The 
element select iS changed by enterng the 
appropriaterarogenumberwiththekeyboard. 

j. IF- The 455kHz IF Signal from the monitor 
reoeiverisdispiayed. 

k . Scope N; -The voltage waveform applied to 
tnefrontpanelverticalinpUtis(jisplayed. The 
venicalinputisi>Gccupled. 

1. Scope DC- The voltage waveform applied to 
thelrontpanelverticaliopUtiSdisplayed. The 
vertiealinputisOCOOIJI)Ied 

Controls the 1\Jnction of the equipment. The mode is 
ShOwn by the LEOs. 

a. Goo. equipment generates and outputs an AF 
Signal. 



 

 

FUNCTION indicators 

MODULATION SWITCH 

DISPLAY seleCt 
switches 

FUNCTION select 
switches 

Code Synth Mode select 
switches 

Code Synth Lvl control 

Moct Out connector 

I 

Table 4-1 Controls IndiCators and Cofvlectors (Cont) 

FRONT PANEL (fig. 4-1) 

SixlEDs(re<f) 

Threeposit100toggle 
switch 

0 . Pwr Mon - equipment monitors nput signals with 
the~ temWlilted into the internal power 
met«. Thispositionmustbeusedlorinputsol 
0 .2wattsandgreater. 

c. Monitor-eQI.IipmentmonitorsinputSignalsw1th 
lhe~terminatedintothereceivemixer. Tl"os 
positionisusedtor ""offtheaor" " rnonitoring 

tndicllteslhemodeortypeofsignattheequipmentis 
s«uptomonitororgenerate· 

a. FM- equipment generates or monitors kequency 
modulated signals 

b . CW. equipment generates an uomodutated RF 
signal . MonilorCWprovideslfequencyenor 
mea5lnfTientonly. 

c. AM- equipment generates or monitors amplitude 
modulated signals 

d. SSB:DSBSC - equipmer~t generates a double 
sidebandsuppressedcarnersqnat 
NOTE: The leYel of the OSBSC Signal generated 

ISnotcalitlrated, lt is foruse in relatiYe 
mea5lnfT"Ieflts only. Monitor SSB mode rtoe~ves 
SSB Signals With !he use of the BFO. 

e SWP1-10MHz: - equipmentgenerates a swept 
RFsignalhaving asweepwidthof 1 to tOMHz. 
controlledbytheO.spr/Sweepcontroi. SelectiOn 
oiMonilorSweepnasnoeflect.equipment 
n:!fnM"lSingeneratemode. 

I. SWP 0.01 · I MHz: · equipment per1orms as in e 

~~~:;~tz:the sweep width limits are O.Ot 

ControlS the Code Synthesizer modulat'on s-ource 
Code Synthesizer mode is shown by the LEOs 

a. Cont - Continuous modulation s.gnal output 

b 011 - Turns o" Signal. When the mode is OPl or 
DPltnv. «!fuming the switch to 011 from Cont =:,:sa 133Hz tone burSt lora t20ms 

Controls.lndicators and Comectors (Cont) 

DescriptiOO 

FRONT PANEL(flg. 4-1) 

Tone A and B trequenaes areenteredfromthe 
keyboard 01"1 the TOne Memofy Display. 

Two..pushbutton swi'lcheS Selects the fl..nction to be displayed by the eQUipment. 
as indicated by the DISPLAY LEOs 

a. "' - moves the selection up one step at a time 

b . " .moves the selection down one step at a time 

Two-pushbutton SWitches Selects the type or mode of signal the equipment will 
generate or monitor as inOicated by the FUNCTION 
LEOs. Operation is the same as lor th& DISPLAY 
select switches 

TwO-puShbutton SWitchM 5elec!S !he Code Synthesi~&r output mode as 
ll"'l(ll(;ated by the CODE SYNTH MODE LEOS 
Operation is the same as tor the DISPLAY select 
SWitches 

Potent+orneler/Swltch 

BNC connector 

Potentiome1er 

COntrols lhe level ol Code Synthesizer tor modulatiOn 
or MOO Output 

Controls modulation level of external input (microphone 
and othere~ternal generators). Switch at lull 
counterclockwise pos'tlondisatllesexternal 
modU:ation~s. 

Mocrophooe iflput. Provides microphone bias and 
PUSH TO TALK (GENERATE) connection to 

"""""""' 
Externalmodulation slgnal input 

Internal! kHz tone modulation level cootrol. Sw1tch at 
lull counterclockwise position disables I kHz 
modulation tone. 

Output oomector tor aY modulatiOI"l s1gna1s (au Slgnil ls --1 
Controlsspeakeroutputl&vel 

In &~ther Pwr Mon or Monitor modes selects IF 
oanclwldth. NB IS :: 6kHz mod ae<:eptance bandwH:tlh 
WB IS :. 100kHz mod ilcceptance bandwidt.h. lnGen 
FM mode selects modulahon range 0-25 kHz c1ev 111 
NB mode or I). 100kHZ dev In WB mode 

CODE SYNTH Mode 
indicators 

Demod Out COI"Inettor 

OSCIIIosoope Hol"ll 
SWitCh 

Tnglevel 

I 

Table 4-1 Controls Indicators and Connectors (Cont) 

lltiaiption I 
FRONT PANEL (fig. 4- I) 

Six LEOS(red) 

c. Burst- Rlr PL. tone A. and tone B mode-S the 
outputispresentlorastoogastheswitchiShcld 
in the burst position. For the Tone Sequence 
mode the burst position causes a Single ~~~ng 
58QI)Ii!OCf!tObeoutput.FortheOPLandDPLirW 
modes the Burst poSition causes a 133Hz tone 
to oe output. For the Tone Remote mode t!lth&r 
lhe Burst or the Con! posd iOI"l causes a tone 
remote access sequence to be output. The 
access sequence leaves tone A at a low tevet IOf 
transmit-type oommands unt~ the SwitCh tS 

retumect to the Ott positiOn. This switch is spring 
loaded to return to the 0" position from the Bu1s1 
position 

wnen ilurnnated. indicates lhe selected mode o1 the 
CodeSynlhesi.zBI". 

a. PLJOPLindicalor 
PL-SelectedPrivatelinetrequencyoutputtot 

'"' OPL-SelectedOfgitaiP!ivatelineoodeoutput 
Ma)timum code number iS 777 

b. PL./OPLtnvindicator 
Pl - Same as above 
DPl . JnvertedoutputolselectedDigltaiPnvate 
Line code. MaJ(imum cooe number is 777 

ThePrivatet..inelreQUenCyortheDigitaiPrivate line 
code is seltK:ted from the FIF memory display or 
ente.-ed from the keyboard on the Gen Mon Mlr 
display. 

c. ToneAildicalor 
tndicatesToneAS&Iectedforoutput 

d. ToneBindicator 
Indicates Tone B selected tor output 

e. ToneSeQuenceindi<:ator 
lndicatesatoneSignalingsequencewilbe 
output. Thesequenoe iSselectableontheTone 
Memory Display. See Tone Memory Table 
examples.F9Jre$4-9. 4-10. 4·11 anc14-t2 

t. Tone Remote indicator 
lndicatesacoessseqU&I"'ICelorMotorota 
Aepeaterwigbeoutput 

COntrol$. IO(iicators , and Connectors (COnt) 

FRONT PANEL (fig. 4-1) 

LEOtred) 

TWO{I()SitiOnswitch 

BNCconoector 

Suvt111opositlon rotary 
SWI\d1 

BNC"""""" 

Stack«! concentric 
potentiOmttorarw:tswitch 
... "'CAUTK>N"note 
onP-ee4-lt 

Center (smal) control knob 

BFO onJott and beat frequency control for sideband 
recepbOfl . Ful Counte.-dockwise position IS off 

NOTE: Tomioimizell"lterlereooetheBFOshouldbe 
turned o" when not in use. 

FlaShes at a rate equal to the diffe.-ence between the 
received carrier frequency ancllhe programmed 
lrequency. AisoisusedasaSQuek:hindicator 

Adjusts SQUelch threshold level. lui counterclockwiSe 
positiOI"ldisablesSQUeteh 

NOTE: Monitorsensrtivityisgreattydeo'eased (lor 
high-leYel use) as the control is increased clockWISe 

beyond the quieting point 

In duple,. generation mode. controls the duple~ 
freql.l(l(lcyoutputtorabove(High)oroelow(Low)the 
reee-tve programmed frequency. In the monitor mode 11 
setectsthetrequencyotthelocaloseilalorinje<:IIOI"l 
above or below the programmed monitor freQuenCy to 
1'9!Tl0Vefllage in!erlerenc& 

Receiver audio output 

When in the oscilloSCOPe mode. selects the nonzontat 
sweeprateorselectstheutemalhorizontalinPOt 

Horizontal sweep rate Vern.er or e~ternal horiZontal 
input gaioVemief. CalibfatedpositionisfullyclockWIS8 

Alows external horizontal inputs lor OSCilloSCOPe 

Selects OSCilloscope tngg&r leYel and trigger mode 
Centerknobsetects the teveloftligger. Outside 
(largest) knob controls the trigger mode. In Auto 
position. continuOUS sweep with no vertical input 
Signal.syncsonverticalinput. Normalposibon. no 
sweep LrEss vertical if1put iS present. syncs on 
vertical input. 

Controls the position of the CRT display. when 11"1 the -"""" Controls !he vertical posiliOO of the CRT display 

Controls. !he horiZontal position of the CRT display 



 

 

Table 4 1 ControlS, tndicalcn, 1nc1 Comectors (Cont) 

1 DescnptiOil 

FRONT PANEl(llg . 4. t ) 

Four-posit OOI'Irotaryswitch~operationusesvaluesmarkedtotheright 
ollhetwttch.inOicatingvottsperdivisoonontheCRT. 
Valun mar11.~ to the Jett of the switch are used during 
~iond1splaymode, inchcating range for 
calibrllted FMdeviation 

NOTE : Frequency Counter sensrtivrty is also 
oontroledbylhisswitch 

Vert Vernier control Vtmler gain control tor verticaiiOpUtS to the CRT wnen 
inlheoscllloscopemode. FIAydocllwiseiSitle 
caliDrlledposltion. 

V&rt/SIIl&I.J/DVM/Disl/ BNC corneetOI' Signal input to !I'll eQlApment for the kllowng --· Counter In Connector 

RF uVout connector 

RFL.eve!Variable 

~·"" 

AF Level Step Switch 

FreqSetcontrots 

• Coarse 

4·5. OPERATION 

Type N connector 

1 . Utemalvertieatloroscilloscopeoperation 

b . Dlstortion/SINAD Meter 

c. Frequency Counter 

d. DigilaiVoltmefer 

RF .-.put i-1 the power ITlOilltor or moMor mode. AF 
outpufinlheoenetatemode 

V~ control ol AF output level. E~ceedflg tne AM 
rn.t mar11.W'Ig i-1 AM generation mode may restJit in a 
dlltortedoutput. 

TendBperstepeontrolofRFoutputleveflngenerate 
modii. AisoservesasRFinputlevelstepattenuator in 
monitor and spectrum analyler modes 

Alowt input !rom Motorola ST-1200 5efllsinllne 
wlltmeter fllemeotslor measorement ana CAT diSplay 
ollorwan::t and reflected tranSITIItted power. 

StilCked COI"'eentnc Controls the dupleJ; generator output frequency i-1 the 
potentiometers Duple• Generation mooe 

lnsoe (smal) control knob COarse frequency control 

~ide(large) controt FinelreQuencycontrot 

4-10 

4-6 . The operator may use the CAT dispt11y to DeCOme familiar with tl'le functiOns the Communication System Ana. 

~::~:a:~;!:~~~~;~';:~;': ::,~~!o anyot !I'll !unctions the unit perlorms_ As a !unctiOn and 1ts 

~,:,' :"se':,~. ~;t~~!'t~:;:~~~:,e~~r=~ =:;d~':!! ~s. redOOtlg setup fime. As a 

One Ol the s~ored para~ers may tie used or \I'll user may manudy select (keyboard entry) the parameters reqlllfed 

~~~!=~=t~;;!:,'~:~:~a==:::::!t~~=~a controt tsdlanged the 

~~~ds ~:~:=~~~-EToc::=~-~~=~~e:~:~ m::.::d;=:~:~:~~hertime/frequency stan. 

a Connect an tenna To RF In/Out connector 

b Set FUNCTION sWitd\ to Monitor and DISPLAY to Oeo!Mon Mtr. 

c EnterfroquencyoltiiTI8/freQUer"ICystandaldS s tatiOilditecttyfromkeyooard 

d SelectAMiunct!Of'l 

The time b~se ~!put is a rso ava1ln\:llo on the roar panel lor external measurement or lab­
oratorycahbrallon to better than the 0 5 ppm achievable with the above method 

!" :• .. : . !.4 
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Figure 4-4 System Annlyte• T1me 011~11! Calibrate Test Setup and CRT Display 
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Table4 t Contf{)IS tndicators . andConnectors 

FRONT PANEL (fig. 4-1 J 

Freq~Wq otrMt control ThrM-politlon switch 
(0.10MHz/oti/45 MH1) 

Selectstheoftsetolthetransmitte<tlrequencytrom 
thesetectedreceive lrequency(lmage/Opt•sWitdl 
determinesSideolselectedfrequencytheoftsetwi!l 
be). 0-10 MHl position allows trequency offset to be 
varied between 0.10 MH:a: . ln the 45 MHz positiOn the 
ottset iS variable over a s maN range around 45 MHz 
withtheuseollhef!oelrequencyCQo!TQI 

Output connector Outpufconnectorlorduplexgeneratoroutput. 

_______ L_ ______ S~IO~E~PM~E~C~I~~- ~~2~)-----------------

Alowscalibratiotlofthetimebaselrequency(lreqstd) 

REAR PANEl (fig. 4-3) 

une tUHholdor (8 amp) DC input line tusetloldef 

DCtN~»We<connettor 4-pinCIOMIICtor connects to DC prime power source 

Corvlects to AC. pro:T"II power source_ Internally 
patchedtoacc.omrnodateeithel'tOO-l!OVAC.ttO. 
130 VK;, 200-220VAC. or220-250 VAC 

AC line tuseholder. Use a I .SA fuse when input voltage 
is betweerl Hl0-130 VAC and a 0.75A fuse when .nput 
voltage IS oetwoon 200-260 VAC 

ProvioeslorexternallOMHztime baseinput 
Equipment automatieaMy s w1tches to extemaltime 
baseWithaninput etthisconnector. 

t OMHzstdOUT 

""""''" 
BNCconnac1or Provides ao outp;.~t ol t~ internal or external t O MHz 

timebaselore•temllluse 

Placement oi iJO connector wflen tEEE-488 Interlace 
BusoptionisptOYiOed 

ProvidesttOVAC.tothecooiW'Iglan 

4-1. OI!Ne .. A~ OPILII:ATIOH. The ly5tem generates RF frequencies for FM, AM, CW. SSB. and OSBSC Typo'~ 
or \11111/Yltiii!Of'l COYerWIQ a range of tO kHz to 1000 MHz. To generate a Slgnaltl'll FUNCTION sw1tch is placed in ttifl 

""'"""""' 
An RF PfoiiCtion dreuil to protect egainst damage doe to inadvef'tent application of RF 
~10"'-"'""· ...mtf'llnlgenerateorsensitiverTIOI'\Itormode . islunctionaloverthe lul 
monitor II'~ range of the equipment (2 IO 1000 MHZ) 

The type olllgr\lf It MIICted uMig the FUNCTION select lEO indiCator cclu'nn. The !¥lit can deliver an output or up 
to I '1011 intO~ Ohms Whitt In lt'4 AM generlle mode the variable control (located in the RF SECTION on The front 
paoetllhould 001 bt Ml abOYI the AM 1m1 mar11: . &ceeding this may cause distortion in the output 

T~ RF protect CirCUi t m1y trip if generator is run at full power ou tput without having a 50-
otVnloldc:ort-..ct«< 

4·1 DUPL2X G!NELII:ATIOH. ....,._, oparlling In the~x ~ate mode the ottset freQUenCY can be set to either 
45 MHt ~ 0 to 10 MHr (ldjullable). The lmage/Oplx switch sets the ollset frequeocy aboYe (high) or below (low) the 
monitor«t ll'aquency WhenofiMt It in tneOto tO MI-ll range, the control range mayincll.ldealoldbadl reQ101"1 If tl>tt 
g.enerllor iA operlled in !lVI lotdbec:* are• erroneous frequency output indications can be given. AYQid areas wh6fe 
b.ctowll'dnclclhOnor a pttenng(llspllyollhe~ lrequencySftlineured. The following iSanexampteoltheduplo• 
gll'llfl\or being used to Mil up repeller leYCib (FIQlXB 4-5) 

a Connec1 DUPLEX OEN output to repeater receiver antenna i'lput and repeater transmitter signal sample to Hr 
In/Out connector The Duple~ Gen Output level iSfi•ed at - 30dBoominal 

ll Set FUNCTION switch to Gen aud DISPLAY to Duplex Gen 

c =t Duplex Monitor hequency (repeatet transmit frequency) from memory table or enter directly from key 

d. Set DUPLEX GENERATOR frequency to repeater receiver frequency 

1 Adju5tPliOdteattoneGiviii!Of'ltodesinldlevelondisplay. 

I Set FUNCTION swndl to Monitor aod measure the deviatiotl Olthe repeated Signal 

NOT£ 
SWitch !unctiOn to power mon1tor and connect repeater transmitter (Ufldl'r 125 wans) 
dltectty to the RF In/Out connector to read power nnd frequency error. as well 
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Figure 4-5 Duplex Generation Test Setup and CRT Display 
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The autorange output of the counter is dispjayOO on HIU CRT to a resolutiOn of 0.1 Hz or 5 digits 

Donot connecttransm<tterd,rect ly to H~e lrequencyCOU'l ter input . lnsteadusetheRFin/ 
Out connector and the frequency error 111t11er lor transmitter frequency measurements 

SPECTRUM A~~L YZER. Input to the spectrum IUl alyler is throogh the RF ln./Out connector. ~ the 

:::~~~~6~~=~~~:~~~s~IS:W~ C:~~- ~:c!:;~=~~ch~~e:;:=·::~ 
=':;;,~~o; !~~~~~~~~~ ~:~:~~~~~~~~~':;~~~ ~~:r::l) The lo!k>wing iS an example of kXating the 

a ConnectantennatoRFIN/OUTconnector. 

b Set FUNCTION switch to Mon. an<l DISPLAY to Spec! . Analyter. 

c Select center lrequency from memoty table Of eot&r cllractly from keyboard 

d Ao;IJUSIDisp/Sweepoontrolfor <lesrredspec trurus.pan 

e Adjus t Stepattenuatord requrredtoreducese<>Sit iVlty. 

I To detefmine_ whether a grven displayed SIQnat is v~lld or Deijng internally generated. Hip the lmage/Dpl:o; swi tch 

~~~~;:~=s~~i:~n1~;ves1n I•&Qveocyor disappears. it !hen/represents an il1temally generated 

High.powere<:t equipment in the 1-30 MHz range . which has unusually fast carrier rise 
times. may damage the system analy.1:er with repeated activation of the protect circuit 
Ensure the FUNCTION switch is in the Pwr Moo positiOn (this eoaOtes the protect circuit) 
before RF IX>Wer is applied to the equipment 

In the moni10f mode the CRT displays the type of s.gnal oeiog monitorad. the selected frequency. power. error of trte 
receivedlrequency. andthemodulationlevet 

4-13. EXT WATTMETER. When the analyZe!' DISPLAY rs set to the Ext Wattmeter mooe and the Motorola RTL-
40558 in-line wattmeter adapter (supplied) is conoected to the EKt Wattmeter jack the analyzer measures both forward 
and reflected power. The power ratrog of the wattmeter elemerlts (Motorola ST-1200 series"), to be used. are displayed 
011 the CRT The followii"'Q IS an eKample of a test setup 101' external wattmeter operation. Figure 4-7 shows the test 
set connections and CRT display 

a Select the EXT Watlmeter lunchon by means ot the arrow keys located below the DISPLAY column 

b Plug the connector of the RTL-40558 ln -L1ne Wan meter adapter into the " EJ<. t-Wattmetel' ·· jack located on the 
RF SECTION of the front panel 

Usrng the keyboard: enter the single d9t whiCh correspoods to the full scale power rat1ng of the ST- I 200 series 
etementyooptantouse 

d Place the ST-1200 eiemer1t in the l r1-L1ne Wattmeter adapter and install elemenl/adapteo' asseml:lty 1nto 
transmiS5101l line 

Arrow on In-Line Wattmeter Adapter must I)(Mnt ill the forward direction of the desired r1 
power How through the adapter 

e Key transmrtter and observe magnitudes ot tor ward and reflecte<:l power as d isplayed simultaneously on the 2 
analog meier bars and correspondi.-.g d1Q1tat readouts 

Figure 4-7 WattffiQicr lost Setup and CRT Display 

·contact y01.1r Motor~a Pans Source for orC!eflllQ separ<Jt&ly 

g UM!ht RF scan control to move~ Signal to center ot the screen. lithe signal i~ located to the righ t of 
acreen ctnter MM. move the RF Scan control clockwise into one of five positive steppoog modes. lt the signet 
1110 t~ ~en o1 .er.n ~ter h. tr.wn the RF Scan control COlXlter CWCkwise to one of live negatrve stepping -h Adfutl Oltpt/IWMp control luly ooun~erdockwise for 1 MH.1: spectrum span 

I Agllnu .. AFSo.n to~111ralgnlrlonscroon 

1. s.t DISPLAY w O.VMon Mtr. 

11 Now ldfult tt. AF ~control to nW*Tize any existirlg trequent")o error between the incoming signal and the .................. 
1 lhe lrOQVtney ~10 M trr1 top o1 the screen iS now that of the desired inCOming signal. It can atso be mon­

ltotedlorclltignl.ttc. 

The ~P«trum IN!yz.,- It functional but uncalibrated lor level measurements in Power 
Mon1101 ITl()M lor trantmltter testing with thebuitt-in 125 watt 50 ohm load. (Observe " RF 
I.OAD OVER TEMP" w~ lor high power levels or extended periods of use.) 

CUTU flU l l U•.ns.-

Figure 4-6. Spectrum Test setup and CAT Display 

CENt[~ 

FREOUE~~ 

4·1 :1. MONITOR. Theanatyzerlscapableofmonitoriogthesarnefrequenciesthatit generates(para4-9) ~~ 
Qen/Mon Mtr in the DISPlAY oo1urm and the rnodljation type in the FUNCTION COlumn. set the FUNCTION SWitch 
to the Monitor positiOn tor ama1 Signal samples or off the air monitOfing. For high power signal monitoring (0 ?w to 

125w). set the FUNCTION swltctltoPwr Moo 

CAUTlON 
To prevent undue stress on the protected cireoits it is advisable to always swrtch the sys­
tii!Tl to the power monitor mode before applying power in excess of 200 mw. Additional 
protaction ls alsoobtlline<lbymakingitapracbcenot to leave\hestepattenuatorrn the 

OdB posltlon 

4- 14 SIMULTANEOUS OI!:NERATE ANO MEASUREMENT OPERATIONS. The fo!Klwing test setups and CAl 
(!I splays are exlllni'IOS of 5111ll~laneous generating and measuremer1t operatioos 

a FM Mobile r&<IIO SUiup tor rece~vor sensitivity using Ge-nerator and SINAD meter (Figure 4-8) 

1 Connect RF lo/Out rT10ilile radio antenna connector and multipurpose measurement (SINAD) ir1pv1 to 

reeeoveraud!Ooutput 

2 Se1 FUNCTION SWitCh tO Gen. and DISPLAY switch to Gen/Mon Mtr. 

3 Seloctlrequency tram AF memory table or enter directly from keyboard 

4 AdjuSt I kHz level tor 30kHz deviation and RF leveller 12 dB StNAD rndication. {The mobile radio audio 
output may b6 set to the desired level using the DVM AC mode.) 

5 Read tOCOIVor SIN AD --.slt!vity in microvolts or dBm 

FUNCTION - n;R~~~~~ O~~O I ! 4~~~~0~~ - NM l ~ ~n~EO~CV 

1 ll . v . -- ~~V~TPUT 

• U.O ·: -~~~~~~GS I NA D 

-j~~-::;.::.:..-..:~ I:: ::~~IA IION 
DEVI ATION 
INDICATOR 

F.gure 4-8 Tes t Setup 101 FM Receiver SenSitivity Using Generator and SIN AD Meter with CRT Display 

b Tes t tWO· tone t>&gor <10COdo Bnd alor1 function. and demonstrate simultaneous modulatioo (Figure 4-9) 

t Se1: FUNCTION sw itCh to Goo and DISPLAY to Gen!Mon Mtr. 

2 Select pa!l(lr troquOOCy from RF memory table or enter directly from keyboard 

3 Set the DISPLAY to Tone Memory and entor the N B mode number in the mode select position from tho 
keyboard For an NB sequence the mode number is 1. The stored information tor the AlB sequence 1S 
thonautomatlcattydisplayedonthelowM par1ofthedisplay. 

4 Entcr the numl)ef of the ooslred two-tone sequence in the sequence seleCt poSitiOn from the keyboard 

Timrng seQ\IOOCfl:S 1 and 2 are preset and car1not be changed. SeQuences 3 and 4 are 
~~~ammable for tesW.go\hefpagertypeS. upper and lowertiming timits. or 

5 Er>ter the P<l9111 code Tone A and Tone B Frequencies from the keyboard 

6 set the DISPLAY to Ger\/Mon Mtr. the code synthesiZe!' mode to tone A or tone B. and the MODULATION 

SWIICI'> tOCont 



 

 
 

7 Adjust the Code Synth Lvl control lor the delncl...,.. ol modulation 

8 Set the Code Synth Mode to Signal Sequence and thl MODULATION switch as desired to activate the 
pager under test 

9. The scope trigger" OOiay seu~ at !he bollom ol thllbnl Memory Display can be eotered as necessary to 
delay the triggering ol the oscilloscope horizon!• IWMJ) ln;lm the Slar1 oftl'le tone sequence. This leature 
aids in troubleshooting tone decoders with thl t'fltem oecilosoope 

F.gure 4-9. Test Setup lor Two-Tclr\e Pagilrlnd Alert FI.I'ICtionswithCRT Display 

Te5t 5/6 Tone Pager decode and alert lunctlon (Figurt 4-10) 

1 set FUNCTION switch to Gen and DISPLAY to Gen/Mon Mtr. 

2 Select pager frequency lfom Rf memory table or.,..,.~ 1rom the keyboard 

3 Set the DISPLAY to Tone Memory and entar tnt 5/e tone mode number'" the mode select position lrom 
the keyboard. For a 516 tone sequence the moctt r'UTiblr is 2. The stored information lor the 5/6 tone 
sequence is then automatiCally displayed on !floe lower part of !he display. 

4 Select ~ther a 5-tone or a 6-tone sequence by enter1ng a 1 or 2 in the sequence select pos1tion from the 
keyboard 

5 Enter the desired CAP code lrom the keybOiird 

6. Sel the DISPLAY to Gen/Mon Mtr. the QxJe Synttl Mode to lbne Seq. and the MODULATION switch to 
Cont 

7 Adjust the Code Synth Lvl control lor the desired level of modulation 

8 Connect the pager as shown in Figure 4-10 and Nl the MODULATION sw.tch as desired to activall the 
pager under test 

9. Enter the scope trigger delay setungatthebOttomol the Tone Memory Display as necessary to delay the 
triggering of the horizontal sweep retat1ve to the start ollhe tone sequence wnen troubleshoomg the tone 
clecoder with the osdloscope 
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Figure 4-11 . Test Setup lor Mobile TelephOne Test with CRT Display 

e Test 5elec1 v decOde function (FogtXe 4-12) 

1. Set the FUNCTION switch to Gen and the DISPlAY Switch to Tone M~-

2 =~=~:::=t=~~:De~=~~i:a:=(X11hethe~~~ 
the display. 

3 
Enterthenvmbel'oftheOesiredSelectV58Quenolinthesequenceselectpositiorlonthedlsptaytromthe 

keyboard 

4. Enterthedesiredao::essnumberlromthe~d intothe..x:esscodepositionOfllhlllisplay. 

5
. Set the OtSPl.AY to GeniMon Mlr .. the Code Synth MoOe to Tone Seq, and the MODULATION switch to 

COOt. 

6 Adjust the Code Synth Lvl COf1 trot !Of the desored level of modulation. 

Connect the system to oetested as shOwn in flgure 4-12 and set the MODULATION switch as desired to 

testtheSeleetVdecoder. 

8 ~===~~~c!.~althllbOttomoltheToneMemorydisptayasnecessarytoaid 

~CUD -

........... 
1 : ;:tn~. tl ;tmt :" 

OIU OIOIN I ' "" 

II !ill'!ii.t•' __ ,il.lll::::'~, 

Figure4-12 Test$etup 101SelectVTestwithCRTOisptay 
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' ...... 
Agtn 4.10. lHI S«up IOf S/6 Tone Pager with CRT Display 

d . Telt~""l*phone...,_and~Oecoder (Ftgure 4- 11) 

1. Set lht FUNCTION tWIIdliO Gin lnCI the DISPLAY to Tone Memory. 

2 SelecfthtMoOli~ITIOdllbyenterirlglhenumber3~1hemocleselectpositionln:lmthekey· 
boltd The t torld lnformltlon IOf the mobile telephone sequenoes wil be automat~ displayed on the 
lowerJ*toltN..-,. 

3 Selle! thednndmoblll ~~by entering the appropriate number~ the sequence select 
pc»1t1on II"Om tht keyboa"d: t -IMTS. 2-MTS. 3-2805 

4 With tnt keybOard tnttr tnt appropriate Tone 1 and Tone 2 frequencies on the display. 

5 EntetthtdMINd te~eptton~ numbllftn:m the keyboard ~to the Telephone N...-nber positiononthedisplay. 

6 Slit 1t1e DISPLAY to Ouplll 0en ll'ld .. the DUPlEX GEN switchtolhe0-10MHz or45_MHz ~as 
applcabii. Enttrthtdnndr.-..~tromtnekeyt)oardandlhense(thedesirecl transmtfra. 
QUif"ICY l.ltlng tht DUPLEX OEN frtqUincy controls 

7 Slit the MODULATION twitch to tht Cont position and adiust the Code Synth Lvl control for lhe desQd 
leYelolmodulatiOn 

8. Set the FUNCTION to Pwr Mon and tha DISPlAY to Gen/Mon Mtr. 

9 eonn.et thetylltn'l toblt"t«< U shown~ligure 4.11 andsel: the MODULATION Switch I S requi"ed to 

tHtthtmobilttellphontfdY«"II'Id~dMxSef. 

t 0. Ent« thll soope trlogglr dlUy Mttlng shown at the bottom of the Tone Memory display as necessary to aid 
introublnhOotlngthtclecoderdrcuits. 

CAUTtON: TM enh"y of I ICOtM trlgpt" O.lay will prevent normal opera· 
tion ol'ecopetrtprtnrg•long•hunltlaln theposltlon "MODULATK>N". 
"T-Seq." 

I Troubllthooting A.otl...- audio stages using ""DVM and Signal Generate" lunctiOfl Simultaneously (FIQVI'I 
4-131 

I , SMcl thaOVM lunctiOn~me-olthearrnwktlyslocatedbelowtheOISPLAY column 

2 U~~ng tne keyooarG "Gown"" III"OW position me CRT cursor adJacent to tne · DVM Mode graphiCs 

3 l!nter 1 " t " ....., tha keyboard to select N:; voltage measurement Of a ··2· lor DC v~tage measurement 
HIIGIJOn, 

• Bel up #II dtiQd onoClherlnll AF signal to provide an input to the reee1ver 

15 Bel 'UNCTION lw!Wlh 10 "Gen"". Set appropriate AF output level {as onchcaUld on the CAT screen) 

8 ~ tHI IIQnlll lf'OII'I #II receiver audio stages to the insllumenfs "" Vert/Siflad, Ols\IOVM CountUI In 
1!1PUf OC VoiiiQI"'"MnnliiOt points are also applied to lh•s same input The supplied Xltest probe m11y 
.. _ 

7 Rei« to lhl CAT saeen tor 11"11Uto-ranging and ana~/d.gital iMocation ol e•ther DC voltage Of AC volt 
IQIII"ICioorr.lf)OI'drlgdBmlavll 

rna N:. DVM lndiOMion o1 d8m is referred to 600 onms 

Agura 4. t 3 "!HI s.tuplorUsingDVMandSignaiGeneratewithCAT Display 



 

MOTOROLA, INC. 
COMMUNICATIONS SECTOR 
TEST EQUIPMENT REPAIR CENTER 
1313 EAST ALGONQUIN ROAD SCHAUMBURG, ILLINOIS 60196 

TEST EQUIPMENT REPAIR REQUEST FORM 

Thlt comple~ form must accompany equipment returned 
for repair. 

CUITOMIIil 'l ,UiiiCHAIE ORDER NO. I DATE 

MODEL NUMBER I SERIAL NUMBER 

OtiCiii.,TION OP 'ROILIM: I 

IUOUIITI D RI'AIRI: I 

IH" TO AOOMIII : I 

IHI' VIA1 1 
l'towldi"tt t.ht lnform1tion below will reduce the turnaround time on your Test 
l 4111lpmtnt Rt pelr, 

I 

J 

MOTORO A CUlT OM R NUMBER BILL TAG SHIP TAG INTERNAL MOTOROLA ACCOUNT NO. I 

SIGNED: -----------------------

6BP81062EM- O 



 

5· 1. SERVICE 

SECTIONV 
MAINTENANCE 

5-2. The Motorola Test Equipment Repair Center is charged with the service responsibility for all test equipment 
supplied by the Motorola CommuniCations Group. The center maintains a stock of original equipment replacement 
parts and a complete library of service Information for all Motorola test equipment. 

5-3. Most in-warranty repairs are performed at the center. Exceptions include repairs on some equipment not 
manufactured by Motorola which are performed by the original supplier under the direction of the Test Equipment 
Repair Center. Out-of-warranty service Is performed on a time and materials basis at competitive rates and the 
maximum turn-around goal is less than ten working days. Customer satisfactiOn is continually surveyed by reply cards 
returned with repaired Instruments. 

5-4 . The Test Equipment Repair Center also provides a convenient telephone troubleshooting service. Frequently, 
a user technician can troubleShoot a piece of equipment and isolate defective components under the direction of the 
Test Equipment Repair Center via telephone. Required replacement parts are then immediately shipped to the user 
thereby reducing shipping time and servicing costs. For telephone troubleshooting contact the Test Equipment Repair 
Center toll free at (800) 323-6967. 

5-5. All other Inquiries and requests for test equipment calibration and repairs should be directed to the Area Parts 
Office. They will contact the Test Equipment Repair Center, process the necessary paperwork and, if necessary, have 
the Center contact you to eKpedite the repair. 

5·6. REPLACEMENT PARTS ORDERING 

5-7. Motorola maintains a number of parts offices strategically located throughout the United States. These facilities 
are staffed to process parts orders, Identify part numbers, and otherwise assist in the maintenance and repair of 
Motorola Communications products. 

5-8. Orders for all replacement parts should be sent to the nearest area parts and service center listed below. When 
ordering replacement parts the complete IdentifiCation number located on the equipment should be included. 

5·9. ADDRESSES 

5·1 0. General Offleet 

MOTOROLA INC. 
Communications Division Parts Dept. 
1313 E. Algonquin Ad .. 
Schaumburg. Illinois 60196 
Phone: 312-397-1000 
Executive Offices: 1301 E. Algonquin Rd., 
Schaumburg, IllinOis 60196 



 

5-11. U.S. Orders 

WESTERN AREA PARTS 
1170 Chess Drive, Foster City. 
San Mateo, California 94404 
Phone: 415-349-3111 
TWX: 910-375-3877 

MID-ATLANTIC AREA PARTS 
7230 Parkway Drive 
Hanover, Maryland 21 076 
Phone: 301-796-8600 
TWX: 710-862-1941 

EASTERN AREA PARTS 
85 Harristown Road 
Glen Rock, New Jersey 07452 
Phone: 201-447-4000 
TWX: 710-988-5602 

SOUTHWESTERN AREA PARTS 
3320 Belt Line Road 
Dallas. Texas 75234 
Phone: 214-241-2151 
TWX: 910-860-5505 

GULF STATES AREA PARTS 
8550 Katy Freeway 
Houston, Texas 77024 
Phone: 713-932-8955 

5-12. Canadian Orders 

CANADIAN MOTOROLA ELECTRONICS COMPANY 
Parts Department 
3125 Steeles Avenue 
East Willowdale, Ontario 
Phone: 516-499-1441 
TWX 610-492-2713 
Telex : 02-29944LD 

5-13. All Countries Execpt U.S. and Canada 

MOTOROLA INC., OR MOTOROLA AMERICAS, INC. 
International Parts 
1313 E. Algonquin Road. 
Schaumburg. Illinois 60196 U.S.A. 
Phone: 312-397-1000 
TWX: 910-693-1 592 or 1599 
Telex: 722433 or 722424 
Cable: MOTOL 

5-2 

MIDWEST AREA PARTS 
1313 E. Algonquin Rd. 
Schaumburg, Ill. 60196 
Phone: 312-576-7322 
TWX: 910-693-0869 

EAST CENTRAL AREA PARTS 
12995 Snow Road 
Parma, Ohio 44130 
Phone: 216-267-2210 
TWX: 810-421-8845 

PACIFIC SOUTHWESTERN AREA PARTS 
9980 Carroll Canyon Road 
San Diego, California 92131 
Phone: 714-578-2222 
TWX: 910-335-1634 

SOUTHEASTERN AREA PARTS 
5096 Panola 
Industrial Blvd., 
Decatur, Georgia 30032 
Phone: 504-981-9800 
TWX: 810-766-0876 



 

CAUTION 

This equipment contains parts that are subject to damage by static electricity. Proper 
precautions should be taken during handling. 

WARNING 

Uthium Battery 

The processor module w ithin this system utilizes a lithium battery as a memory keep-alive 
voltage source. Do not mutilate or disassemble the battery cell. The lithium metal is a very 
active material that bums in the presence of water or high humidity. Do not put the battery 
in fire, attempt to charge, heat above 1oo•c . or solder directly to the cell. Do not 
overdischarge the cell to a reverse voltage greater than 3 volts. The battery may burst 
and bum or release hazardous materials. See paragraph 5-143 of this manual for battery 
troubleshooting procedures and cautions. 

CAUTION 

Uthium Battery 

Uthium batteries are classified as hazardous materials and must be disposed of 
accordingly. Do not dispose of the battery by placing it in with the everyday trash. Consult 
state and local codes for the appropriate disposal procedure. Motorola will dispose of the 
battery if the expended battery is returned in the replacement battery container and by 
the same method that the new battery came to you to: Motorola Inc., Return Goods 
Department, 1313 East Algonquin Road, Schaumburg, Ill. 60196. 

5-14. MAJOR ASSEMBLIES 

5-15. The Communication System Analyzer is designed for ease of maintenance. Most of the circuitry is on twelve 
plug-in circuit boards. A list of all subassemblies is given in table 5-1 . The assembly locations are shown in figures 
5-1 and 5-2. 

Table 5-1. Ust of Subassemblies 

Ref. Part Number Replacement 
Des. Item As Labeled Order Part No. 

A1 Low Voltage Power Supply Module 01 -P07897V001 RTP-1005A 

A1A1 Low Voltage Power Supply Switcher Module 01 -P07891 V001 RTP-4016A 

A1A2 Low Voltage Power Supply Output Module 01 -P07856V001 RTP-401 3A 

A1A3 Low Voltage Power Supply Control Module 01-P07853V001 RTP-401 2A 

A1A4 Lower Voltage Power Supply Relay Module 01 -P07892V001 01 -80305A68 

A2 Scope Amplifier Module 01 -P00413N002 RTC-4007B 

A3 Scope/DVM Control Module 01 -P24154A001 RTC-4024A 

A4 Receiver Module 01-P00389N002 RTL-1002B 

AS Synthesizer Module 01 -P00385N002 RTC-1001B 

ASA' Digital Synthesizer Card 01 -P00358N002 RTC-4009B 

ASB' RF Synthesizer Card 01-P00386N002 RTC-4010B 

A6 Audio Synthesizer Module 01 -P00426N002 RTC-4011B 
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TableS.. I Lis! ol Subassemblies (Coot) 

.J 
Ref. PartNI.Iffibef ·-· "'' As labeled OrO&rPartNo 

Processor lnput/Ovtput Moclule 01 -P24158AOOI ATC-4025A 

AS IEEE Bus Module (Optional) 01-P00203N002 ATC-40138 

A9 Microprocessor/Characte!" Geneo-atOf Module 01-P24162AOOI ATC-4026A 

A<O Hign VoltaQe Power Supply Module 01 -P07896V001 ATP-1006A 

AFinputModule 01 -P00394N003 ATC-10026 

Protectil::n'Power Meter Card 01 -P00400N002 RTL..-40616 

AIIA2" Convertet/Wtde Band Amplifier Card 01·P00398N002 RTC-40156 

A11A3" Offset GeneratOf Card 01-P00399N002 RTC-40168 

"' FrontPanellnter1aceModule 01-P07846V001 ATL-4086A 

"' Frequency Standard Module 01-P07898V001 ATL-IOIIA 

"' FroniPaneiAssembly 01 -P07860V001 OI-8030SA64 

Display Board Assembly 01-P07843VOOI 1-80305A63 

Motherboard Assembly 01 -P07894V001 RTL-4089A 

'These ilemsaresolder-l"l sutmocltJes listeciJorreler&"~Ce pu-poses. ThesecatOsa.e not normalyrepan,dorreplaced -

I ] 
I J 
. ] 
. ] 
I J 
I J 
I J 
l l 

. J 
I 
I 
I J 

I J 

•• 
I 

5-16. THEORY OF OPERATION 

5-18. The opet"abon ol the Cornmtncations System Analyzer can bo dMded 1110 rw1e baSIC functions. Generate 
Power Meter. Morular, DupleK Gene<-ator, Code Synthesizer. frt!QiienCy Counter. OogtaJ Voltmeter (DVM) ()$CliO­

scope llncl D.stortiOI"I/SINAO Meter The generlll operatiOn of tile urut will simultaneouSly n:::orporate tne OliSIC r~ 
tiOI"Is toproVi<lethetotalcapabllltyofthesystem. 

5-19 ThefollowngdiSCUS$101"1WoiCOV$"lhebkX:kcllagraii'ISfore3Chollheba51Cf~bOn$plusadlscu!-. lOtion the 
processor control ollhe system A functiOnal block lbgram of me total system IS snown 1n figure S-3 Only me map 
sagna• patns Defween each olthe modules are shown to clanfy the total system configuratJOn 

FigUfe 5- 1. Comml.ricatiOrls System Analyzer. Top View, Cover AflrllOVed . J 
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5-20. System Control 

5-21 . System Control is the primary responsibility of the intern~! microprocessor. Front panel control and sy t m 
status inputs to the processor are manipulated by the processor to provide the control for the operating mod . From 
the front panel the processor monitors the keyboards, the function select switch, the modulation control switch, th 
RF scan switch, the image switch, the bandwidth switch, the horizontal and vertical range switches, and th st -p 
attenuator switch. This information plus internal status information causes the processor to display the approprl t 
information on the CRT to program the center frequency, to set up the generate or monitor mode, and to make th 
internal switching arrangements for the selected operating state. 

5-22. The interface to and from the microprocessor is via the processor bus. This bus consists of a 16-bit addres 
bus, an 8-bit data bus. and a 7 -bit control bus. This bus interfaces the processor to its program memory (ROM), scratch 
pad memory (RAM), IEEE interface, and the peripheral interface adapters (PIA). The PIA is the mechanism by which 
the processor interfaces with the system. A PIA consists of a dual 8-bit latch which may be programmed as either an 
input or output for the microprocessor. System input and control information passes to and from the microprocessor 
via three system control buses attached to a PIA. 

5-23. Each system control bus consists of a 4 bit address bus. a 4 bit data bus, and an enable line. The 4 address 
bits determine which of 16 possible latches the 4 bits of data is to be sent to or received from. The enable line triggers 
the actual transfer of data. The three control buses within the system are called the RF control bus and the AF control 
buses 1 and 2. The RF control bus is as described above while the AF control buses consist of a single 4-bit address 
and 4-bit data bus and two enable lines. The resulting total input/output capability for the system buses is 16 latches 
at 4-bits each times 3 buses or 192 bits. A tabulation of buses and the controlling or input function of each bit is shown 
in table S-2. 

5-24. ·systems with the IEEE remote control option interface the IEEE bus to the processor bus through a general 
purpose interface bus adapter (GPIB) on the IEEE interface module. When enabled all control inputs to the system 
pass through the IEEE bus and front panel controls are ignored. For more information on IEEE control see section 21. 

5-25. Generate Mode 

5-26. The generate mode provides a variable level RF output that is phase locked to the intemal1 0 MHz standard 
AM, FM, and Sideband Modulation are possible on the output signal. A block diagram of the generate mode is shown 
in figure S-4. 

5-27. The Frequency Standard module (A 13) contains a 1 0 MHz standard oscillator with buffering and switching to 
provide a 10 MHz signal to the EXTERNAL 10 MHz OUTPUT and to the RF Synthesizer (AS). A provision is made for 
the application of an EXTERNAL 10 MHz INPUT which causes the internal standard to shut down and the EXTER­
NAL 10 MHz INPUT to be switched to the EXTERNAL 10 MHz OUT and to the RF Synthesizer. 

5-28. The 10 MHz standard input to the RF synthesizer is digitally divided down to provide SYSTEM REFF FRE 
QUENCIES for the frequency counter, the zero beat detector, the second local oscillator in the receiver, and the pro­
cessor timing reference. Additionally reference frequencies are provided for a fixed 550 MHz locked loop and for 
programmable 500 MHz-1 000 MHz locked loop. The programming of the 500 MHz-1 000 MHz locked loop is prov1dad 
by the RF CONTROL BUS from the processor. The SELECT SWITCH selects one of three possible output points lor 
the SYNTH RF output signal. The first is from the 500 MHz-1 000 MHz loop directly. The second is from a divide by 
two on the output of the 500 MHz-1 000 MHz loop which gives frequencies from 250 MHz to 500 MHz. For output 
below 250 MHz, the output of the 500 MHz- 1000 MHz loop is mixed with the fixed 550 MHz signal and the differc 
signal used for the output. For this output the processor programs the 500 MHz - 1 000 MHz loop for frequenc 
between 550.01 MHz and 800 MHz to obtain outputs from 10kHz to 250 MHz respectively. 

5-29. FM and SWEEP Modulation is implemented within the 500 MHz-1000 MHz loop. FM capability is 200kHz 
peak which when divided by two gives the 100 kHz peak requirement. Similarly the sweep capability is 10 MHz po k 
which provides the 5 MHz requirement for the sweep generator and spectrum analyzer requirements. 

S-9 



 

 

"' .,_, 

1 I>U A1 

~~~ 2~~ 
En•b Enob 

Control Buses and Functions 

0"-

~ ~ S~n:~ 

MOO Alld>c 
To So~r A1tll!!l '"~ 
Enat> rooo 

MOO MOO 
En•t> En•t> ,~, 

" ·I !"G "~"~·;,· ., .. Overra Presenr<•20d Swln 
In In In 

Hot~zSco~ venSeope 
MC>de~l Moa.Sel 

CU/OVM Counlflf ln~ISel 
Sel IFIBFO Olloe! Exl 

5-10 

action protects the Widebal'ld Amp ancs Step Attenuator against bumout. A signal line from the protection ne\wor1o( 

signals tne processor that the system is in the protected mode. The processor in tum activates the CRT and alarm 
wam1ngs 

5-35. Input power measurements are made w1th the RF iMput terminated into an internal SO ohm load. This termi 
nation is the same one used lor the protect mode when in the generate or monitor functions . A I':IIOCk diagram of the 
!XJwer meter is shown in figure 5-5 

5-36. For the power meter mode the processor sets the WATT METER ENABLE line to cause the RF input jack to 
oe switched to the 50 ohm power termination. For modes other than the power meter, an input Detector on the RF 
input jacll detects when the input power hBS BKceeded 200 mW and then switches the input to the load 

5-37. The switch is a sJng~ ~double throw conligurat>orl so that when switched to the RF load the path to the 
Step Attenuator and Convener IS open CirCUited. However. leakage across the open switch provides sufficient signal 
for operatiOn of the normal monitor !unctiOns 

5-38. A sample Of the RF voltage tieing applied to the RF LOad is detected by the Power Detector to give a DC 
output proport>orlal to the peak RF voltage. The amplifier lollowiog the oetector butlers and gain adjusts the detectec 
voltage to provide the RF INPUT POWER signal to the pt"CIC@Ssor. The processor theo determines ancs displays the 
RF rnput power. 

5-39. A Temperature Sensor located near the flange olthe RF Load alerts the processorwnen the load temperature 
exceeds SO" C . The processor_ reacts to the OVER TEMPERATURE signalr>y displaying a waming message on the 
CRTandtlySOUndrngtheaudlblealarm 

WHI 
MTR.EN 

Frgure 5-5. Power Meter Block Diagram 

INPUT 
PROTECT£:0 

Figure 5-4. Generate Mode Block Diagram 

5-30 The SYNTH RF signal is amplilied and leveled in the RF input module(A1 1). The signal lev~ at the output of 
the wideband amp is detected and compared to the AM MOD 1!. DC REF srgnal from the front panel level control It 
there is a difference between the two signallev~s . the ALC amp provides an error voltage. The error vOltage controls 
the attenuatiOn of the VOltage Controlled Altenuator (VCA)in the directiOn that win make the detected RF output equal 
to the AM MOD & DC REF Signal . There are two posSible VCA"s lor the output leveling. The VCA within Al l rs used 
for frequencies lrorn I MHz to 1000 MHZ. For lrequencies below 1 MHZ, the VCA on A 11 is set tO minimum attenoa. 
tion and the VCA on the AF SyntheSizer module iS used lor leveling. Amplitude modulation 1s iocorporated oy sum· 
rning the modulatiOn signal with the DC relereoce signal to Ioree the leveling loop to vary the ootput level In proponron 
to the modulating Signal. The signal !rom the RF level detector (CARRIER + MOD LVL) is used tly the procesSOI" !Of 
me determinat>orl ol RF OUtput level and the perceflt AM . The leveled ootput tango of the Wideband Amp is from 3 
dBm to + 13 d8m(O.t6 to 1.0 Vrms) 

5.31. The levetecl output from the Wideband Am~tier is applied to the Generate/MonitOf (T/A) switch. For AM, FM, 
afld CW signals the switch connects me amphfrer output to the Step Attenuator. For Doutl>le Sidetland Suppressed 
Carrier (DSBSC) the T/R swrtch IS 1n the ' 'R '' position where the amplilier output is connected to the local OSCIIII\01 
port on the receive mixer and the attenuator Is connected to the RF port. The DSBSC MOD signal is then used to 
drive the IF port of the mixE!f giving a DSBSC signal at the RF port and thus at the Step Attenuator. 

5.32. Coarse level control !() 10 dB illCil:!fllf!!11s is provided by the Step Attenuator. The total range ol the attenul\01 
is from OdB to 130 dB attenuation. For the basic A2001C the Step Attenuator is controlleOdi.-ectly tly a shaft to thO 
front panel knob. With the IEEE control optiOn the Step Attenuator is electrica~y programmable and controlled 1>y thl 
processor. The front panel k nob in this case is connected only to a rotary switch which directs the processor 11 selling 
tt'le attenuatronlevel . uncser IEEE control . commands via the IEEE bus determine the attenuator setting. tSee sec11on 
21 .) 

S-33. The AF Signal from tt'le Step Attenuator passes through !he input protectiOn Circuitry to the AF Output jiClo. 
A level oetector on tt'le AF Output jacll monitors the power level at the jacl< . If power in excess of 200 mw is applied 
to the Output jack. the protectiCil circuit win activate and switch the RF Output jack to the internal SO ohm load. Thl• 

5-41. The monitor mode allows RF signals lmm an antenna or !rom a transmitter directly to oe checked tor "•· 
quency error. modulation level. and spectral content AM, FM . and SicleOand modulatiOns cantlE! accommodated witn 
tnis system. A block djil9'"am ol the monitor mode is shown in ligure 5-6 

5-42. The RF Signal to tlE! monitored is applied to the RF Input jack on the AF Input module (A1t). lf the input level 
Is less tnan 200 mW the input signal passes directly through the Input Protection circuitry to the Step Attenuatot. Fot 
input levels greater tnan 200 mw the protection Circuit switches tho input to the internal load and signal the operator 
to switch to the Power Monitor mode. In this case, AF leakage (paragraptlS-37) ttlrough the protectiOn circuits pre. 
vides theinputsignaltotheStepAttenuator. 

5-43. For the monitor mode the T/R switch is set so tnat the AF input from the SlepAttenuator iscoonected to the 
AF port on the receive mi•er. The output from the wideband amp is switched to the local osCillator port on the receive 
mixer. The processor programs the AF Synthesizer lor an output lrequency that is otlset !rom the ffequeocy to be 
;:;;:roo 1>y 10.7 MHl. Theotrset may oeabOveort:relow the center frequency as selected bythelfont panel mage 

Figure 5--0. Monitor Mode Block Diagram 



 

 

5-44. The 1 0. 7 MHz difterence signal at the IF port of the receive mi~er is amplified ar.d selected by the first IF Ampli­
lierar.d F~et. TheAmpli:f.er prOVides SUfficient O&in so that theoveral gain Of me RF Input n'IOdl.lle is 10 : 2 dB. The 
IF Nter provides a modulationecceptilflCebandwidth Of ::: 100kHz_ The NlerCJJtput is the 10.7 ~Hz IF SIQI'IIItO the 
Receivermodule(A4). 

f>.-45 . A second mixet r. the receiver module down converts the 10.7 MHZ 1Fsignal to455 kHz by mixng the input 
signal with a 10.245 MHz Second Local Oscillator. TheSeoondlocalOSCillatoriSphasekX:kedtol'le 10 MHz system 
standard so that its lrequeocy is as accurate as the standard. The phllse locked lOop lor the 5eo:nd Local OScillator 
is split between two modules. A 10.245 MHZ SAMPLE signal Is compared with the REFERENCE FREQUENCIES 
from the RF Synlhesizer on the Processor 1/0 module (A7). The comparison prOVides a TRACKING VOLTAGE error 
signal to the 10.245MHz oscillatorwhiehc:orrectsitslrequenc:ytoholditinloek. 

f>.-46. Immediately following the second mixer is the IF titer. The IF filter is selectable between a narrowband ( ::: 6 
kHz mod acceptanoe)ar.d a wideband (:::100 kHz mod acceptance) bandwidth. The bandwidth iS under the control 
of the processor and is selected by the bandwidth switch on the front panel . 

5-4 7. The output signal from the IF l~ter has two posSiOie patns. The path to the Log Ampldier and Detec::tor provides 
the spectrum analyzet ca~y. The other J)ath is the lineal IF Amplifier lor AM, FM. and sse demodiAation. The 
output level of the Amplifief is defected to give amplitude modulation ar.d to prOVIde the AGC contrd on the IF ampli­
r!Of. The IF Signal is applied to the FM Demodulator and Is sent to the Soope/D\t'M Control module (A3)for SSB demo­
dvlationandforlrequencyerrordetennination. 

5-48. Demodulated audio from the selected demodulator is routed to the Audio Filter by the Select Switch under 
processor control . The Audio F~ter provides post detection filteMg lor both wide and narrowband modes. Theoutpul 
of the Audio Folter is ttvee Signal lines. The Oemod Calibration Audio line provides the calibrated audio levels lor mod­
ulation level oetemHnatiOn. A Oernod Audio output provides a level adjusted signal to the lront panel Oemod Out Jack 
Speaker audio is level adjusted by the front panel volume CO"Itrol ar.d then amplified by the Auc:lio Amplifier on the 
Receivermoclule. 

5-49. The AudiO Ampiilief wms the audio from the demodulator with the Alarm audio. The AuclioAmplitief provides 
a 0 .5 watt output capability to the system's internal speaker. The Alarm generator rs o..ll"4ef !he eottrol of the system 

""""'~ 
~50. SSe Oemodulatlon iS implemented on the Sccpe/DVM Control module by muttiplyrog !he '55 kHZ IF Sl9flal 
from the Receiver with a signal from the Beat Frequency OSCillator (BFO). The BFO is contrOlled from the tront panel 
and typically has a freqiJeriCy range of 455 : 3 kHz. The BFO Siglal is switched with tl'le output of the 455 kHz IF 
Phased Lod«KK Loop (PLL) to the frequency counter lor lrequency em:ll' detem'W\ation. The 455kHz PLL Nters and 
shapes the IF signal to make it suitaDie lor frequency counting. 

5-51 . When in the spectrum analyzer mode the linellf IF Amplifier is shut down ar.d the Log ~lief is ~ated . 

The output of the Log Amplifier ar.d Oetec::tor is a DC voltage tnat is proportional to the log of the t0.7 MHz tF input 
level. The log circuit has a dynamic range of appro~imately SOd B. covering input lev91s from - 110 dBm to - 30 dem. 
The SPECTRUM ANALYZER signal trom the Log Amplifier iS the vertical input to the scope tor the spectrum analyzer 
~splay. 

5-52 DuplexGenerator 

5-53. Stmuttaneous generate ar.d monitor functions are ava~able with the use of the Duplex Generator. The fre­
quency spread between generate ar.d monitor frequencies is limited to a range of 0 to 10 MHz and~ fixed frequency 
o1 45 MHZ. A block diagram ollhe Duplex Generator function IS si'Klwn 10 hgure 5-7 

~54 . The Duplex Output 51gnai1S generated Dy rnixng the local oseilator 5lgl'lal lor the hrst recewe ITllxer wolh a 
signal !rom the Ollse! Osc.ilator. The 01fse{ OSdtlator rs at the lreqoency equal to the destred spread between gen­
erate and mor~~tor frequencieS less the 10.7 MHz IF offset. The rnQI'Iitor functiOntS unal!eeted by the duple~ mode and 
operatesas describedunderparagraphS-40. 

5-1 4 

FigureS-8. CocleSyntheSizerBiockOiagram 

5-62 Systems without the IEEE option w~l have the wipers of the level control pots jumpefed to their respective 
inputs to the surrvnation amp on the Audio Synthesizer module (AS). Those systems w.th the IEEE optiOn wt select 
on the IEEE Interlace modUie(AB) either the tops of the lev9l contmlsorthetr wipers to the Prog>rammable Attenuiltors 
lor remote or local control respectively. Wl'lile in the IEEE Control mode the processor controlled Prograrrmable Atten­
uator on the IEEE module provides the modulation level control. For the local mode me attenuators are prograrrmeo 
torzeroatteouationsothatlhewipef5olthelevelc:ontrolsetthemodulationtevelsdirectly. 

~63. The three modoliltion sources are summed together on the Auo1oo Synthesizer module after the level controls . 
The composite modulation signal is then switched to the appropriate modulator and applied to the modulation delef. 
mination Circuitry (MOD CAL AUDIO). the audio amplilier(SPKR AUDIO), and the Modulation Outpu1 jack (MOD Oun 
onthelront panel. The SI9'laltothelrontpaneljackiS bulleredbyaOriverAmplifiertoprovidealow dnv'llgsource 
ompedance. 

Figure~7 . DuplexGeoeratorBiockDiagram 

5-55. Frequency~ationofthedupledrtootput~obta.~~a::=t=~a~~=~::stri 
~~~~~~==-~~'!:e~anin;t~lhefrequencyCOU'teflorthedelenninatlonol the duple• 

frequency. 

5-56. Code Synthesizer 

s-57. Thtee smuttaneousmodiAat~souroes arepossibleWJihthe 1:,~=Z~u~~-=v~~ 
~~~:t:=~~~-~'::'c!!~s::::~;~~:::o~hes::ovwt!'~t:=: 
~~::~~::::~~~e=~~':.:O~WltrololthemodUiatiOnlevels. A I)Iodl Otagrltll 

of the Code synt hesize~" is snown in figure 5-B 

5-5B. The PLsignalingsequence~atorisanAudioSyntheSizef~an~~~::::~=s~::,ot~ 
':~d~t~the~~~:~~=t~t=:,sor~synlhesizetprovideSIOdBandJO 
dB attenuation leVels lor the tone remote ...:cess sequence. 

s.s9. DPLeooe~saregeneraroooy~~~~-~~~tt=~:r::~~r:;r-~3=~ 
DPL word is stored 101he DPL Generator"'"" con..,.............,., 
switched to the Code Syntl'!esizer Level control on the ll'on1 panel. 

~60. A 1 kHz reference Signal !rom the RF Syrrtnesiler is bancipaSS filtefed to proviOe a low OOtOflion 
1 

kHz sftt· 

wave to the front panel! kHz Level ContrOl-

S-Ol . TwoSOU'cesotextemalrnodlAa~are~- As~d'":~::::~t=~:akt~:;r 
~~~~~':~:':1~n:==-=~~theExternalleve1Wltrolonthelron\panel 
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Fogure ~9 . Frequency COunter Block o;agtam 

~-67 ~e;::,r:~s:~=~~=:=~~':!av~an:~~~~~~r:t~~t: 
::plifiefloiiOwlng the range Attcnuator amplifiM and tinlts the signal amplitude for the trequency countef nput. 

5-68 A Select Sw.tch on the ProcesSOI' 1/0 rnodiAe (A7) routes the desired Signal .to the Frequency Counter orWiry 
The signal seleCted is Wltrolled by the processor and iS clelemuned by the operatlflg mocle of the system 

5-09. A 16-QitgatedaocumutatoriSusecltoclelert'!Wlelhe~tlf~- G:&te';:lrom ~t~:rr: 
:~C:a~~=t~~.:SN~~~~~E~::W~e=~r:::syst!'~base. 

~~~Ad:~~~t~;~~u:t~::t::s~e;:::~:~=::~=s:s~:~~;:; 
tO obtain the required frequency display. 
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5·11 . Dlp!VottmMer(DVM) 

S-72. The processor ttlrol.lg1 ~ DVM C:WCUtry has access to YOIIage information at a large runbef of poi'lts 
throughout the system. F~ ~ r1~t100 the processor is able to determine and display parameters suc:l'1 as: 
out~ ~ level . modlAaliOn level. inpUt power level and lhe like. In ~ion. an edernal voltage app1iec1 to the 
DVM nput rae!<. on the front panel can be measured and displayed lot extemat voltage meaS\6ements. A block dia­
gram of the DVM f!XlCtionis sho'M'I in figure S- 10 

Figure 5-10. Block Diagram DVMJOistortion Analy'!:er 

S-73. Internal voltage meaS~Xements are selected and ranged over two decades by the INT DVM SELECT SWITCH 
~nd the X1 .0f}(O.t auenuator respectively on the Scope!OVM Controi(A3) module. The resulting o to 1 VDC s.gnal 
15 routed to the INTfEXT DVM SELECT SWITCH on the f>n:x:lessor lnterl~ (A7)mod1Ae whiCfl applies tne vOltage 
to the AID converter. ~ AID converter converts the input voltage into a tO bit (jigital word which is input to the 
~sor One of eight Internal voltages may be selected lor measuement as required by the processor to determine 
dispt_aydat_a. lnputstotheAID _~t be less~ I VDC: therefore, with theoecade XIlX. I ranging a"enuatorthe 
maxmt.m ~volt~ to the l'ltemal DVM IS tO VDC. The XI position ollhll attenuator is switched in lor better 
voltage reading~ on voltages less than 1 VDC. To keep CAT informationCUTel'lt. eachol the f9QUired mea­
surements are maoe.., sequence at an appro~imate rate of thirty per second 

Fogure5-tt O~Biodo;Oiagram 

5-88. Six decade sweep ranges lrom 1 .,sec to tOO msec pet division are provided by the Time tlase Geoef'ator 
Control of the rome tlase Ger181'ator tS from the front pan.e~ hOrizontal switd'1through the processor. · 

5-_89. Front panel ext~at horizontal tnputs are apploe<lto the top o1 the horiZontal vernier gain potentiometer. The 
Wipe!' o1 the gatn potenbomeler IS the EXTERNAL HORIZONTAL input signal to the preamp on the Front Panel tnter­

~-::~~~::~~tdestherequorodhorizontalinpulsensitivityaod butlerstheSignattotheseleel 

5-90. Internal t'IOrilontal Signals. Sweep Generator and Character Sweep outputs. are selected on the ScopeiDVM 
Control module (A3). The Sweep GeneratOf provides a sawtoolh waveform to the RF Synthesi~er module 101' 11'1e 
sweep generatOf and spectr_um analyzCf furoctiOI'IS The sweep Signal to the CAT horilontal input causes the scope 
sweep to be synchrooous wrth the synthcstzef sweep tor the spectrum and swept Iiiier response displays 

;::he r~:':~~~~a~~~::a;.oop gef'lel'ator output it a sawtooth waveform that provides the horilontal sweep 

5-92. OneoiiOtWpossible vertical signal SOUfCM are switChed to the Vllfticat Amplifier input by a Select Switch on 
the ~/DVM Control module . The 455 kHz IF and SPECTRUM ANAL YZEA Signals from the Receiver Module 

~=:w~~~r:::;;:~";~::,=:y~=.u~~~c::;-:=:e~t:.Oee:.:':= 
t.Jia!IOI'I scope vertical tnplt!Sirom the Front Panel Interlace mc:xNI!t. 

5:-93. A _v_ert~a l preamplffier oo the Interlace mooutegwes a ven1ca1 senSitivity of tO minivol! per division and pro. 
vidcs post!IOflJOQ and vem.oer gam capatliloty for tis tnpUI. The amplifier iS prec::eded 0y a tour Clecade range attenuator 

S-76. The AF INPUT POWER and OVEATEMP Signal lines from the AF lnpul module prov.de the processor~~~ 
101' the internal wattmeter. (Paragraph S-36). External wattmeter element inputs (EXT FWD PWA and EXT AFL PWA) 
from me front panel jack provide thll information for the external wattmeler display. 

S-77. A sigoalline from the DC if1;1vt jiiCk Ofl the rear panel (BATT VOLT) tS tlrooghtto the processor for blotttry 
voltage determination. The vol!age Is a"enuated by a factor of 10 to stay with the tO volt maximum input to the 5elect 
switd'l . The processor uses the tlattery voltage meastJremeot to wam the operatOf when the tlattery tS near its Oft., 
charged state 

S-78. A rectified and filtered ver$i0n of the input to the 1 kHl NOTCH FILTER ts the last internal measurement poi'lt 
Thts measurement is used as part of me dtstortion/SINAD readirlg . For fl.lrther information on the distortiOI'l/SINAD 
melerseeparagraph5-82 

S-79. EXTERNAL DVM - In the external DVM mode. voltages applied to the E~t DVM Input Jack on me lroot 
panel are ranged by processor control over lour decades in me Front Panel lnttll1ace (A12)module. The resut is • 0 
to 1 VAMS Signal at the output ol the attef'~Uator lor inputs o1 0 to 300 VAMS. The sqtal is routed dwectly lhrougll 
the A3 module by the AMS/OtstortJOn Select Switd'1 to the AMS to DC Converter on the A7 module . The tNT/EXT 
DVM Select Switd'1 applied the output o1 the AMS to DC Converter to the AID converter lor input to the processor 

5-80. For external DC measurements theAC!OC Select Switch selects the DC coupled path from the Ext DVM Input 
JaCk. A tow pass filter (LPFL) In the A 12 moaute removn ripple OOO'Tlpooerlts. The rejeCtion at 50 Hz is 25 dB i'l the 
low pass filler. The AMS to DC Convener reads the absolute value of the DC input. and the sign detector (SIGN DET) 
provides polarity information 

5-8 1. For N:; voltage measvremeots the LPFL iS reprocyammed tor less !han 0.5 dB attenuation out to 10kHz The 
N:;JOC select Switd'1 selects theN:; coupled palh. and the AMS to DC Converter converts the AC topUt into a DC 
vollage equal to the AMS voltage ot tne input . 

5·12. Dlstortioo{SINAO Meter 

5-83. Tne OtStortiOI'I ol a signal WIIJI a 1 kHz Mldamental frequency can be measured by the R2001 C The I kHz 
r1put enters the EXT DVM input jiiCk through the AC coupled path and iS r¥lged to tletween 0 and 1 volt AMS by the 
ranging attenuator. The SIQOill it routed throogll the notch f~ter where the lun(lamental frequency is removed The 
output of the notd'11itter is selected to the AMS to DC Converter Input by the AMS/Distortion Select Swttch whel• 
the RMS voltage of the dtStortion components (to 10 kHl) is measorea. The input of me notch is recufiOO . I~tor«<, 
andmuttJplied by 1.11 (theAMS to AVERAGE ratio!Of' as.O.Jsoid). Theresultng DC voltage iS measured by theint.mtt 
OVM as Ciescribed in paragraph 5-73. The processor divides the AMS output voltage of the notch fitter by the AMS 
tnpu t voltage to the notch filter to oblatn a distortion ratio. The distortiOn ratio tS converted to dB tly the prOCMIOI \01 
the SIN AD dtsplay The percent dtstortiOfl display is ootatne<l by muttoptymg the dtstortiOfl ratio by 100 

5-14. Oscilloscope 

5-85. Three basic functions are prOVIOed for by the system oseiloscope. The alphalunefic and modiJiatiOO 0151111.-s 
prOVIde operatxlg mode and controlr~lomtation lor the system. The external~ feature augmeots the tottl 
system as a general purpose test instrumenl. A bkJck diagram ot the osciloscope luroctiOI'ItS showl'l in figure S- 1 t 

S-86 Onve s.gnals fOf" the CAT are provided by c:ir'cU!s on the Scope Amplifier module (A2). Honzontal and VOl~ 
signals are ampljlied by their respective amplifiers from 0.5 volt/division input levels to the levels r~Q'A'9d on 1111 
dellectiOfl plates. A Z-Axis Modulator Circuit controls the cathode to grid boas voltage on the CAT to etlect in tentlty 

""'""' 
5-87. The horilontal ampiWer input is selected between external and internal scope functions. Extemal furoctiont, 
Tme !:lase Generator or e~ternal horizontal ~1. are switched to a summation amp where the HORIZONTAL POSI· 
TION Signal from the front panel Is adOed. The resulting DC otlset positions the display honzontaHy on the CAT • 

.... 
which tS CQntrofled from the front panel vertical switch through the processor. The attenuator provides external 'lerttc.r 
input sensitivities from 0.01 to 1.0 volt per division and modulation scope sensitivities from 0.25 to 25 kH~ per dtvosoon 

5-94. A Select Switch ahead of the Attenuator selecls between the Clltemal vertical input or the modulation 500P1t 
tnputs The E~temal Vertical input path Is funher selected be!ween AC and DC coupling before becoming the \'81'1ICII 
tnptJI jack on the front panel. The modulation scope signal path is switcnect to one ol three 1X15Sitlle sources on 11-.. 
SCOpe /DVM Control module. Demodulation signals from the Receiver are selec:ted via the DEMOD CAL AUDIO path, 
and frequency and ampljtude modulation Signals via the MOO CAL AUDIO and CARRIER + MOD LVL signal Plltht 
respectively. The Audio Synthesizer modtJie ~ the MOD CAL AUDIO signal while the AF lopJI rnodtAe gtvet 

the CARRIER + MOD LVL signal 

5·95. A Z·Axis Select 0rcui1 on the Sc:ope/DVM Control module gates either the CHARACTER GEN SIQOII lof d'111-
acter dtsptaysor the retrace tllanking signal from the rme Base Generator lor scope displays to tne Z-Axis Modulator 
on tne Scope Amplifter module 

ALIGNMENT PROCEDURE 

s.g8_ This section provicles a tlaSic (para 5-102) and an extended (para 5-1 15) aHgrvnent procedure. The bas-= 
procedure reQUires only the t.JSe o1 a ca~tlra1ed osdlloscope. It is expected !hat the basic alignment be performed 
whenever service work is perlormed. The e~tended aligrwnent procedure !9QUires module extenders and a calobrated 
digital voltmeter i'l addition to the osciloSa:lpe. The extended procedl.re shoUd toe performed as required afterservoc:.>g 
the system. AI adjustments not covered in thiS procedure are to be perlormed on surtable modtJie tnl hxlures ont1 

5-91. T .. t Equipment Requi~ 

5-100. The test equipment or its equivalent ~steel in tatlle 5-3 is required 101' the t>aSic procedum. The addtt100al 
equipment required for the extended procedure is Wsted in table 5-4 

Tatlle 5-3. Basic Test Equipment AequH-ed 

Oesaiption 

""""'"-
Test Point Shorling Jumper 
Nonmetallic Alicpnen! TOot 

'AnA2001 isasuitatllesubstiMe 

Extended Test Equipment Required 

DescriptiOO 

'OSCilloscope 
'Digita l Voltmeter 
'AF Signa! Generator 
'ModulatiOn Meter 
Audio Generator 
Receiver Test Cov8f 
Extender Card Set 

Motor~aA1029A 

MotorotaA1024A 
MotorolaR1201A 
Boonton 82AD 
Motor~a St067 
Motor~a15-80346A49 

MotorolaRPX-41SOA 

An R2001 IS SUitable lor use tn place ol these separate equoprneots. 



 

 

.. 101 . P~~torAiignment 

1. AI alignments to be performed at normal ambient temperature. 

2. Remove the tapoover o1 the unit tobeaigned. 

3. Apply I)OWE!f"to lheuni:t to be aligned and allow 1 WlflTIUPtimeol 15minutesprior toaligrvnent. 

0.102. S.llic Alignment Procl'du,. 

i-103. CRT Astigmatism and Geometry 

1. Select the Monitor FI.J:"'CtionandtheGeoiMon Mtr Displl~ontheR2001C. Setthelntensit~COnlrOitora rnedioo1 
intense display. 

2 . While using the Focus Control to mainlain a focused display at the center of the CRT, adjust the Astigmatism 
and Geometry potentiomolers (F'ogure 5-12) lor the ~t toe.n at tho outor edges ot the CRT~ minimizng 
lhe pincushion and barrel distortion of the display. The two adjustments are interactive so that repeated smal 
adjustments alternated between the two potentiometers wit be reQUired to obtain the best display. 

0. H)4. CRT Intensity Bias 

1. Select the Scope DC Display and the Ext Horiz. lnput mode. Set the Intensity Control 1u1y counter clockwise. 

CAIJTIOH 

Do no! let a dot stay in one place on the~ lor more than 30 seconds as a per­
manent bt..min thephosphorwil occur. 

2 . Adjust the _lntenSity Bias potentiometer(Figure 5- 1 2)urll~ a dot appears on the screen. (lhe Venieal and Hori­
zontal Po~ition Control on the Iron! panel may have to be used to bring the 001 on to the screen.) Then bacl< on 
the IntenSity Bias potentiOmeter until the dot just disappears. 

i-105. CRTintensityBalance 

1. Select the SCOpe DC Drsplay and the 1 mSee/Oiv Horizontal Sweep rate on the R2001C. Set the Horizontal 
6~ase Vernier to the Cal position and adjust The Intensity Control for a barefy viSible horizontal h on the 

2 Adjust the Intensity Batance potentiometer(Figore ~ 12) tor Ul'liform in tensity ol the horizontal trace from left to 
rignt . The Balance potentiometer allects the intensity on the left side of the trace 

i-106. CRT Horizontal Centering 

1. ~~the Gen/Mon Mtr Display on the A2001C Adjust the Intensity Control lor a comfortable viewWlog bright-

2. With the Test Point Shorting Jumper oonnectTP1 o1 the Scope Amplifier Board (Figure 5-12) to chasSis ground 

3. Adjust the Horizontal Position PotentiOmeter (Figure~ 12) so that the vettieal trace on the CRT saeen passes 
throughthegraticulecenterpoint . 

... A81'!'10\1ethejumperlromTP1 . 
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~111 . Vertical lnputGUI 

1. Set the R2001 C lor the Generate FM Funct100 and the Scope DC Display. Set the Horiz Control lor t m Sec/ 
Div sweep rate and the Horizontal Vernier to the Cl l position. Set the Vert Control for IV/Div input sens.t!Yity 
and the Vertical Vernier to the Cal position. 

2. Connect an osci11oSCQPe with a calibrated ..-ertielll input to the Mod Out Jack on the front panel. 

3. Tum the Code Synthesizer on. the Ext l..evel of! and ldlust tne 1 kHz La¥et Control for a 6V P-P 5inewave on 
theattachedoscllosc:ope. 

4. Discornect the oseiiOs<XIpe from the Mod Out Jack and comect the Mod 0...1 Jack to the Vert Input Jack on 
the A2001C. 

5. Adjust the Input Vertica l Gain Potentiometer on the Front Panellntertaoe Board (F'ogure 5-13) for a 6 em p.p 
sinew ave on the CAT. (Use the front panel Position Controls to center the weve'orm on the CAT.) 
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5-107. CATVerticaiCentenng 

1 =I the Gen/Mon Mlr Display on the R2001C. Adjust ll'le Intensity Control for comfortable viewing bright-

2. With the Test Point Shorting..ll.mpefconnect TP4oftheSCOpeAmplifierBoard(F91Jre~l2)to chasSISground. 

3. Adj...,! the Vertical Position Potentiometer (F9Sf! ~ 12) so tllalthe horizontal trace on the CAT screen passes 
througtlthegra!Jculecenter po.nt 

4 Remove 1umper from TP4 

5-108. CATTraoe AotatiOO 

1 =t theGeo/Mon Mtr Display on the R2001C. AdJUSt the Intensity Control lor aoornlortableviewing bright -

2 AdjUSt the Trace Rotation PotentiOmeter (F'ogure 5-12) for a property rotated CRT display. 

~109 . CATHorizontatGain 

1. Connect the Mod Out Jack to the E~t Horiz JaCk on the R2001C front panel . 

2. Set the R200 1C for the Generate FM Function and the Scope DC Display. Set the Horix Control for Ext Honz 
nput. Tum the COde Synthesizer off. !he Exti.Jtvelolf . and the 1kHz Level up about halfway. 

3 COnnect an oSCilloSCOpe with a calibrated vertical input to TPI on the Scope Amplifier Board. (Fogure ~ 12). 

4 Us.ng the front panel Hori~ontat Vernier Control adjust for a 3V P-P amplitude on the sinew ave at TP1 . 

5 With 3V P-P at TPI aatust the HOrizontal Gain PotentiOmeler (F!Qure 5-12) for a horizontal trace 6 em tong on 
!hi CRT. (Use the front panel controls to position the traoe at a conveoieot place near the oenter of the CRT). 

~110. CRT Vertical Gain 

1. Connect the Mod 0u1 Jack to the ven Input Jack on the R2001C front panel. 

2 Set the R2001 C tor the Generate FM Function and the Scope DC Display. Set the Hori~ Control for 1 mSec/ 
Div sweep rate and the Horizontal Vernier to the Cal position. Set the Vert Control for 1 V/Div input sensitiVITY 
and the VertiCal Vernier to the Cal position 

3 Tum the COde Syntl'leSiZerotl , the Exii.Jtvel off and the 1 kHz Level up about half way. 

4 Comect anosdloscopewilh a caibrated vertical input to TP4 on the Scope Amplifier Board. (Fogure ~ 12). 

5. Using the lmnt panel! kHz LBW!I Control adjust for a 3V p.p amplitude on the sinew ave at TP4 

6 Woth 3V P-P at TP4 adJuSt the Vertical Gain Potentiometer (FIQUfe 5-12) for a 6 em p.p sinewave on the CRT. 
(use the front panel Position Controls to center the waveform on the CAT). 
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~ 11 2 . OVM ZI!ro 

1, SetecttheDVMOi5playandtheDCModeontheR2001C. 

2. Shor1the oenter conductor of the DVM Input Jack to ground 

3 . AOjust the DVM Zero (Coarse) and the DVM Zero (Fne) Potentiometers on the Front Panel Interface Bo.fd 
(F'ogure ~13) 1orazeroreactingontheDVMDiSplay. 

5-113. Spectrum Analyzer Centering 

I . ~theSpec1Anatyzer~ayontheA2001C. 5ettheOispersionControl on thelrontpaneltothe 1 MH~ 
I)OSI\100. (tul counterdodlwrse) Set theoenter frequencyotthe analyler to 10.0 MHz 

2. Connect the 10 MHl O...tput on the rear panej to the AF Input on the front panel. Set tne RF Step Attenuator 
to ootatnat:QffleriiSfltspectraldisplar. 

3 Adjust 1t1e Spectrum Analyzer Centering Potentiometer on the Seope/DVM Control Boa.rd (F'ogure ~ 14) 50 th8t 
the spectratlioeon the CAT iscenteredabouttroeoentergratocule lioe. 

~!:~~EA 
SWEEP 
WIDTH 

... ~ 
NOTCH 
AOJ\ISI 

F'ogure ~1<1. . ScopeJDIJMControi AIIgrvnentf'olnts 
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IIORtlONTAl 
CI'.AitlCTEil 
SW£EPWIDTH 



 

 

5-1 14. Horizontai TifTleBase 

1 setect the Tone Memory Display and the Generate fM fU'ICI.ion on the R2001 C. Program tone A for 20.0 Hz 
and Tone B for 2000.0 Hz 

2 Select the ~odul.ation Display. Se! the~ COntrols for 2.5 kHz/Div vertical range. Auto Trigger, and 
10 mSec/Div horizontal sweep range . Se! the Horizontal and Vertical Vernier Controls to th&ir Cal positions 

3 5_et ~Code Synthesizer for Continuous. Tone A, and 1001 up lhe Cocle Synttl Level to obtain a nearty full scale 
StnuSOidal waveform on the CRT. Tum the El(t Level and the l kHz Level Controls to the off position 

4 Adjustlhe ~rse Time Base Ca~bration Potentlomel8f on the Scope Amplifier Board (Figure 5-15) so that one 
cycle of the dtsplayed waveform OCCUr5 1fl 5 em atong thl horizontal axis . Use the Vertical and Horizontal Posi­
tion controls to center and to move the waveform so tl'lat the 5 em are measured in the middle of the screen to 
avoid nonlinearities near the edge of the CRT. 

5 Set ltle Oscdtosoope Horizontal COntrol lor a 100 ~SeeiOiv sweep rate and select the Tone a output on the 
Code Synthesizer. 

6 AdjuSt the Fine Time Base Calibration Capacnor on the Scope Amplifief Board (Figure 5-15) so that one c~ 
ol the dtsplayed waveform occu.rs tn 5 em along the hOrizontal al(i$. Use the Vertical and Horizontal Position 
controls to center and to move the waveform so that the San are mea5Ured in the middle of me screen to avoid 
nonlinearitiesneartheedgeoftheCRT. 

Figure5-1 5 HO<IZOOtaiTimeBue AiignmentPoints 

EXTENDED ALIGNMENT PROCEDURE 

1 Remove the R2001C topoover. 

2 Connect the_ R2001C to a primary power source. hxn it on, and select the EXT DVM mode. Allow appmxi­
matety 15 mtnutes warmup before proceeding with the alignment procedure 

3 Short the ceotE!f conductor of the DVM input Jack on 11111 Iron! panel to ground. Conooct an ex.ternal DVM 
between TP2 and TP9 of the Scope DVM COntrol Board (figure 5-14) 

4 Adjust the Goalse DVM ZE!ro and the Fine DVM ZefO on the Front Panel Interlace Board (Figure 5- t3) until the 
external DVM reads 0 : 0.5 millivolts DC 

5 Remove the Short circuit on the DVM input Jack and apply approUnately 0.900 volts DC from an external power 
supply. The voltage between TP2 and TP9 ol the Scope/DVM Control Board should be within :!: 1 mv of the 
voltage at the front panal DVM input jack. lithe unit f11Ws t~ test, adjust the DVM BuffE!f Gain on the Front 
Panel Interface Board (Figure 5-13) unt~ the above two volTages are equal 
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.· . ······ 

Ftgure 5- 16. Processor 1/0 AID Alignment Points 

5-28 

6. Select the Q&I'IOI'ate fM narrowband ITlOde and the Gen/Mon Metering display. 

7 . Short TP4 to TP9 on the Scope/DVMControt BOald 

8 Adjust the AID Ottset on the Processor Interface Board (Figure 5-16) until tt:e plus peak deviation reading on 
the CRT is just toggling betweefl 0.00 and 0.01 kHz. Then ~lightly tum the ad1ustment JUS I enough to make the 
readtng 0.00 a• the time. Note that if the offset adjustment IS turned past this point the dev1a11011 read1ng IS Still 
0.00 but the AID coovertOI' is not aligoed property. 

9. Remove tne Short c:Kc!Jt tll!lween TP4 ard TP9. and connect the positive lead of the e)(ternat DVM to TP4 ot 
the Scope!OVM COntrol Boar<! module. Place the negative lead on the ground plane or TP9 of the Scope/DVM 
Control Board 

10. Tum on the 1 kHz internal modulation and adjust the lev~ until the voltage TP4 reads 0.900 volts 

1 t Ad1ust the AID Ga1n (Fogure 5-16) unt~ the reading on the positive deviation peak IS 4.50 kHz 

12. S&I«t theDCDVMmocle 

t3. With the C811tE!f conductor d the Iron! panel DVM ilput jack ;,gain shone<! to ground, adjust the RMS Converter 
offset on the Processor Interface Board (Ftgure 5-16) for a reading of 0.000 volts on the CRT DVM display 

14 AdtusttheSigndetectoroffsct{Figure5-16)untilthesignotthe0.000voltreadingisjustllashingbetweenplus 

and minus 

t5. Remove the short and apPiyapproximatety0.900 volts to the lfont panel. DVM input jack 

16 While l'l"o(ritoring the input vol tage on an el(temal DVM: a<ljust tne RMS Converter Gain on the Proces101 
Interface Board {Figure 5-16) unt~ ttoe CRT DVM reading IS equal to the ex ternal voltage appl1e<l 

5-117 . CharactE!f Generator 

1 Per1om'l the Basoc Aligomoot Prooedt.Kedpara 5-102 

2 Select the Monitor FM Function and lhe Gen/Mon Mtr Display. 

3 AdjuSt the Horizontal Chatacter Sweep Width PotentiometE!f on the Scope/DVM Contr~ ~oard (F!QUf8 5-14) 
so that the right-hand edge of the CAT character display is approximate~ 4.2 gratlcule dtv1sions to the right d 
thegratieutecentOI'Iine 

4 Adjust the Vertical Character Sweep Wielttl Potentiometer on the_Scope/OVM Control Board (Figure s. t4) to 
thatthebottOI'I'I&OgeoftMCRTdlsl)layls approx.imatelyJ.JgratiCuledtVIS!OI'ISbelowthegra!lcutecenterllne. 
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DISTORTION/SINAD ALIGNMENT 

1. Enter the generate mode and the Gen/Mon Metering disp(ay. Using an audio generator with less than D.1 % 
distortion apply a 900 mVAMS 1 kHz :t 2Hz signal to the_Ven Sinad/DVM Oist!Col.xlter In Input on the front 

pa"" 
2 Verily that the distortion reading on the CRT is ... 0 .5%. If this test fails the notch filter should be aligned. 

J Tum the R2001C off and extend the Scope/DIIM Control Board uSing the 100 pin ex.tander C3fd 

4 Tum the A2001Con and seleclthe generate fM mode and theGen/Mon Metering display. 

5 Using the same tow distortion generator as in article 1, apply a 998 :t 0.2 Hz sine wave to the Distortion input 

6 Alternately adjust the 996 Hz notch potentiometers on the ScopeJDVM Control Board (Fogure 5-14) to null the 
distortion reading on the CAT. A reading tess than 0.5% should be obtained 

7 Change the audio generator input lrequeocy to 1002 :t 0.2 Hz 

8 Alternately adjust the 1002 Hz notch potentiometers on the Scope/OVM Control Board (Figure 5-14) to again 
null the CRT distortion reading _ A reading tess than 0.5% should be obtained 

9. Tum the system power on .and reins tal the Scope/OVM Control Board Into the R2001 C 

5-119. Receiver 

5-120. AMDetoctor 

t Perform the basic alignment proceclure ol para 5-102 

2 Tum the R2001 C off and remove the Receiver Module. Remove the Receiver Module cover and install the 
Receiver Test Cover on the module hOusing. Extend the Receiver module on the Receiver Extenc!er Card 

3 Turn the R2001 Con and select the Moritor AM Fl.lllCtion and the GenJMon Mtr Display. Set the monitor fre­
Quency to 250 MHz . the Af Step Atteouator to the 0 dB position. and the BW Switch to the Narrow position 

4 Connect the external Signal generator to the Rf lnJOut Jack on the front panel. Adjust the el(!emal generator 
for an output level o l approx.lamtoty - 60 dBm and a calibrated 30% AM 

5 Adjust R60 (Marked on the Receiver Test Cover) for a reading of 30% :t 5% on the CRT AM display. 

5-121 . FMDetoctor 

1 Select1he Monitor FM f unction and the Gen/Mon Mtr Display_ Set the monitor freQuency to 250 MHz. the Rf 
Step Attenuator totroe 0 aD potltlon, and the BW Switch to the Wide position 

2 Connec;:t the ex.tefnal slgnalgonerator to the RF lnJOut Jack on the front p.anet. Adjust the external generator 
lor a center frequ&ney ot 250 MHZ at an output tevet of approx.imately -30dBm and a calibrated 20kHz FM 

3 Adjust R70 (Markod on trl(l A~er Test Cover) for a reading of 20kHz :t 1 kHz on the CRT f M display. 

4 Set the BW switch to ti'ICI Narrow position and reset the fM on the external generatOI' to 3kHz deviation 

5 Adjust R125 (Marked on ttle AecetvEH lest Cover) for a reading of 3kHz :!: 150Hz on the CRT FM display. 



 

 

6 . Turnoff the FMonthee)(temalgeoe<atorsothata CWslgnalofalevelofappro)(imately - 30dBmisapplied 
to the R2001C 

7 Connect the DemO<l Out Jad<. to the Ven/Sinad Disi/CVM/eo...tter Input Jad<. on the front panel. Select the 
DVM Display and the DC DVM Mode on the R2001C 

8 Adfust R58 (Marlled on the Receiver Test Covm) !Of a 0 .0 VDC :!: 100mVDC reading on the DVM Display. 

- 122. SpectrumAnatyzer 

1 Select the Monitor Function and the Spectrum Anatyz(lf Display on the R2001C. Set the monitor frequency to 
250 MHZ. and the RF Step Atteouator to the 40 dB posillon 

2 Connect the external signal generator to the RF In/Out Jack on the front panel Adjust the e)(\ernat generatOf 
for a center frequency of 250 MHZ and a cahbratedOt.rtputlevelof - 30dBm with no modulatiOn 

3 Adjust in succession C2. C83. cas. and C96 (Markod on the Receiver Test Cover) to ma)(imize the amplitude 
of the spectral line in the center of the CRT display 

4 Adjust R124. R91 . and A100 (Marlled on the Receiver Test Cover) to obtain a unifOfm change in the spectral 
amplitude per to dB change of the RF Step Anenuator. A124 affects the level of the spectral component wnen 
in the top quarter of the screen. R91 affects levels in the third quarter from the top, and R100 affects levels rn 
the bottom quarter. 

5 Adfust R119 for otlset and R121 IO< gain so that w1th the step attenuator in the 0 dB Position the peak of the 
spectral line lies on the 30 oB tine of the CRT and that successive step increases of the input attenuator move 
the spectral amplitude downward in 10 dB increments on the CRT. The accuracy required for any one step 
attenuator position is :!: 3 dB 

6 ~~;ir:rally be necessary to repeat paragraphs 5- 122.4 and 5-122.5 until the best possitlle accuracy is 

7 Tum the power off and remove the Receiver Modl.liO and the Receiver Edender for the chassis . R~ve the 
Test Cover from the Receiver MOdule and replace the module cover. Reinstall the Receiver Module 1nto the 
system chassis 

j.125. This section provides a system checkout p1ocedvre ThiS procedure will help isolate system failures when 
Jsed with the troubleshooting informatiOn in para 5-143 

3 Move the Modulation Switch to the BURST position. Verily that a 133 Hz tone is output as tong as the switch 
fsheldin theBURSTposition 

4 Select the Tone A Continous Mode. Verily a Tone A output on the scope and at the speaker 

5 Select the Tone Remote Mode. Verily that wf'lerlthe MOCiulation Switch~ moved from OFF to BURST that a 
single Tone Remote Access Sequence is generated 

6 Connect a microphone to the Mic Jack Tum up the E• t Level Control and verily that speaking into the mike 
causes a modulation signal to be output as C'lOsenled on the scope display. 

5-133. FrequencyCOunter 

1 Set the UUT to the Gen CW Mooe with an output frequency ol35 MHz at a tevet of 0 dBm as displayed on the 
Goo/Mon Mtr display. Connect the RF In/Out Jad<. to the Counter In Jad<. of the UUT. Select the Frequency 
Counter Display and verily a frequency reacling of 35 MH: 

2 Set the UUT to the Generate FM Mode and select the Gen/Mon Mtr Oispla:,o. Tum the Code Synthesizer and 
Ed MOOulatiOn sources OFF. Select the Narrow Band Mocle and a<ljust the 1 kHz Level Control for a 5kHz FM 
deviatiOn reading. Connect the Mod Out Jack to the Counter Input Jack of UUT. 5elect the Frequency COunter 
Oispla~ and verily a nominal frequency rea<ling ol t kHz. 

1 M aintai111ng the same conditions as in paragraph 5-133.2, select the DVM Display and the AC Mode on the 
display. Verify a DVM reading of 0.707 vrms :t 0 .04 vrms. 

2 setect the DC Mode and verity a near zero volt DC reading 

5-135. Scope Mode 

1 Set the UUT to the Scope AC display rT'IOde and connect the scope vertical input jack to the Mod Out Jack 
Enable the internal 1 kHz modulation source. Verily the operation ol each position of the vertical input range 
switchandtheverticalvemiefgain cor1trol 

2 With the same connection as in paragraph 5-135.1, vatlfy !he operation of each posit>on of the Horizontal eon. 
trolandtheHorizootal timebase vernier. 

3 With the Horizontal Control set to the E•temal Mode. comect the E)(ternal Horizontal jack to the Mod Out 
Jed<. . Verifyehorizqnta l linewholetenglh isvarlabllwlththeHorizontalvemier. 

4 COnnect the Vert In jack to the Mod Out jack on the UUT. SM the vert and horizontal controls for a convenient 
display. Verify that a steacty sync is obtained In ellher the Norm or Auto modes and that the point of triggering 
is adjustable with the level control . Ramove the input &!gnat and verify no horizontal sweep in the NOflTI mode 
and the presence of a horizontal sweep in theAuto mode 

5-136. Dlstortion/SINADMeter 

1. Se!: the UUT for the Generate FM Function. Narrow Band Mode, and the Tone Memory Display. On the Tone 
Table set Tone A lor 2000.0 Hz 

2 Select the Gen/Mon Mtr Display and the Tooe A Coni Modulation Mode. Tum the E)(\ level and the 1 kHZ t.evel 
Controls Off . Adjust the Code Synth LYI Control lor an FM deviation of 1.88 kHz as read on the CRT display. 

Test Equipment Required 

The test equipment ~Sled in table 5-5 or its equivalent will be required to per10flTI the checkout procedure 

Table5-5. TestEquiprnent 

'RF Signal GeneratOf 
·RF Power Meter 
' SINADMeter 
·ModulatiOn Meter 
RF Power Source 

MotorolaR-1 201A 
MotorolaS-1339A 
Motoro\a A-101 3A 
Boonton82AD 
1 wattto100watts 

·AnR2001 issuitableforuseinplaceoftheseseparateequipments 

5-129. PowerOn 

1 Check that theACinput powersetectcard~ in the 120V position. Connect the Unit Under Test (UUntoa 120 
VAC ~ne source with the front panel power switch off . Verify the presence ot an AC indication on the front panel 

2 Set the power switch to the Standby Position. Verify the oven ready indicator is on 

3 Set the power switch to the on positiOn. Verify ltlat after a warm-up period a display is visible on the CAT. 

5-130. KeyboardCheck 

1 Verifythateachkeyhasthepropereffectbyobsei'VingtheGen/MonMtrDisplayandenteringthefrequency 
123.4567 MHz and the PL frequency 890. Ched<. for proper C\Jrsor key operatiOn 

2 Verily that the up and down display keys perform properly and that the LED at each display Wluminates 

3 Verily that the up and down functiOn keys perlorm properly and that the LED at each function inumlnates 

4 ~~et=at the up and down modulation keys perfOflTI property and that the LED at each modulation mode inu. 

5-131 . Nonvolatile Memory 

1. Select some random combination of Display, Function. and Modulation Modes. SimultalleOI.Isly depress both 
cursor keys and after a five second delay tum the system power OFF. Tum the system power back ON and 
verify that the same Display. FunctiOn. and Modulation MOOes are present 

5-132. Modulat>oncapatlility 

1 Set the UUT to the Generate FM Mode and select the Gen/Mon Mtr Display. On the Gen;Mon Mtr Display entef 
aDPLcodeoi111 . Selectthe0seiloscopeDisptayandconnectlheMod0utJacktotheVertlnJad<..Se!:tr.e 
code synthesizer to the COni PL/DPL Mode. On the scope verify the presence of a DPL waveform whose 
amplitude is variable with the code SyM!heSizer level control 

2 Move the Modulation switch from CONT to OFF and verily that a short burst of133 Hz is output before the 
output stops 

3 Without disturbing the Code SynltllYI Control , tum the Code SyntheSizer OFF. Tum ON the 1 kHz level Con­
trot and adjust for an FM deviation of 7.5 kHz on the CRT display. 

4 Connect the Mod Out Jack to the SINAD Input Jad<. on the UUT. Verify a SINAO reading greatm than 25 dB. 

5 Set the Code SynthesiZer to the Continous Mode and verify a SINAO reading 12 dB :t 1 dB 

5-137. Scan Mode 

1. Set the UUT for the Gen/Mon Mtr display. Verily the proper operation of each of the RF Scan switch positions 

1 Set the UUT lor the Generate FM Mode at 200 MHz and select the Gen/Mon Mtr display. Verify an A F level 
outpvldisplayontheCRT. 

2 COnnect the RF mil~voltmeter with a 50 ohm terminatiOn to the RF In/Out Jack on the UUT. Set the RF step 
attenuatOfto theO dB positiOn and a<ljust the Variable Level control to obtain a displayed output level of + 13 
dBm. VerilythattheRFmillivottmeterreads + 13dBm :!: 2dBm 

3 Repeat paragrap1'15-138.2 e)(cepl at a center trequeocy of800 MHz 

4 Increase the RF Step Attoouator setting in 10 dB increments and verify that thedisplayeC RF level deCreases 
in 10dBinefemeflts 

5 Set the Code Synthesizer Modulation switch and the E.t Level COntrol tot~ r_espective OFF positions. Select 
the Narrow Band mode and adjust the 1 kHz level Control for a 5kHz deviatiOO reading on the CRT display. 
Verify at kHztoneatthespcakeroutput 

6 Connect the Modulation Meter to the RF In/Out Jack on the UUT. Set the Modulation Meter for a deviatiOO 
display of 5kHz ::: 250Hz 

7 Select the Wide Band moc1e on the UUT and verify that the CRT di~ays a deviatiOn of 20kHz. Also verily that 
the Modulation Meter shows a peak deviation of 20kHz ± 1 kHz 

8 Select the ModulatiOn Oisptav on the UUT and verily a peak-to-peak modulation display of 40kHz ::: 2 kHz 

9 Select the Generate CW Function and verify that no modulation~ present on the CRT. 

10. Set the UUT for the Generate AM Function. the Gen/Mon Mtr Display, and adjust for an RF output level of 0 
dBm. Adjust the 1 kHz Level COntrol lor a 50% AM reading on the CRT. Verify that the Modulation Meter reads 
50o/o ::: 10% AM 

11 . SetecttheModulationDisplayandverifyalowdistor00n 1 kHz sinewave 

12. Set the UUT for the Generate SSB/DSBSC Function and verily a tow distortion 1 kHz sinewaveon the CRT. 

13. Set theUUTfortheGeoerateSWP t-1 0 MHz Function and the Scope DC Display. Verify a horizontal trace and 
a centerfrequeocydisplayontheCRT. 

14. Set the UUT for the Generate SWPO.ot .1 MHz FunctiOn and verily the same results as paragraph 5-138.13 



 
 

 

1 5et the UUT to the Power Mon1tor Mode. Set me Rf StepAIIenuator to the 30dB pos~ion. al"'d select the Gent 
Moo M!r Display. Corvlect the Rf power source to the Rf In/Out Jack. Key tne power source al"'d verify a 
<:Om"let power reading on the CAT C11spta y. Unkey the power 1011ce 

2 Set the UUT to the Monitor function and ver1ty that the RF Step Atlenuator is in the 30 CIB position. Key the 
AF power source and verity the Pfeser"ICe or an au<11ble alarm and a warning display on the CRT. Unkey the 
power source 

1 Set the UUT to the Mon1tor FM Funct101"1 Sel the 5Qvelch Control to the OFF position and verify the pi"CSence 

of a Sig Lvl indication ancl oose at the speaker Turn the Squelch Control fun 011 and verify the absence ol a Sig 
Lvfindicationandnoiseat ltlespeaker. 

2 Repeat paragraph 5-140.1 e>:cept for the AM !unction 

3. Repeat paragraPh 5-140.1 e~cept lor !he SSB/DSBSC Function ancl enable the BFQ After ltle test tum the 
BFO ofl 

4 Select the Narrow Band FM Mentor FunctiOn at 300 MHZ and selll"le AF Step Atlenuatc>r to the 0 dB positiOn 
Comect the RF Sognal Generator to the Rf In Out J«* anC1 the SINAO Meier to the Oemoa Out Jack. Set the 
A F Signal Generator for a center frequency o r 300 MHz ana lor 3 kHz FM at a 1 kHz rate. Adjust the Af outpul 
level from the Signal Genera!or 101" a 10 dB 1eao.ngon the SINAO Meier. Venfy that the Signal Genel"atOf's level 
IS less than - 103dBm (1.5 " Vrms) 

5 Calibrate the Rf Sognal generator for 3kHz FM at I kHz rate~ the MOOu!ation Meter. Set the Genefator lor 
a nominal output level o1 - 60 dBm and connect 1t to the Rf In/Out Jack of the UUT Select the Ger"I/M011 Mtr 
[);splayandverityarnonitordevia\IOr1read'"'UOI3kHI • 150Hz 

6 Ca~l:lrate the AF Sgnal Generator lor 50 ~Hz FM at a 1kHz rate Se~t the Wide Band Mode011 theUUT and 
verifyareadingot50kHz :':2.5kHZOI1tr.eCRTdovlltiondisplay. 

1 Calil:lrate the RF Signal generator IOf 30 •a AM at a I kHz rite. S81 the Generator lor a nominal output leve1 of 
- 60 dBm and connect it to the RF In Out Jatk olthe UUT. Selett the Mon.tor AM FunctiOn and the Narrow 
Band Mod-e. Verify a monitor AM read1r.g or ~. 1 5% 

8 Monitor the % AM Displayed on the CRT wh1le IOC!ea&ng the RF level out of the Signal Generator. Verify that 
the IF Overload Waming occurs before the 01splayed AM e~ceeds a read1ng of 30% : 5% 

9 Select tne Modulation Ill splay on the UUT and vmify the Pfesence of the re<:eived modulation signal 

tO. Sele<:t the Gen/Mon MtrOisptay ancl the Wide Band MOdeonlheUUT. Vary the center frequency on either the 
UUT or the Signal Generator and venty that the frequency Emll" Display Pfoper1y represents the diflerena 
between the UUT"s Center frequency and the Signal Geoerator "s center frequency. 

11. Select the IF [);splay on the UUT and VOflly tr.epresenoe ol an If envelope on !he CRT. 

TestPara!)rapl"l 

System won"ttum on 

System Troubleshoolir"IQ {Cont) 

Troubleshooting Procedure 

1. Oisc.onnettthehighvoltagesupplylromthe low 

'iOitaQesupplyatA I OP I 

Check for nominal voltages oilS VDC at pin3ol U2 

onthelowvoltagesupplyandtor + 12VDCatpin8 

lfeither 'IOitageiSnotpresentreplacetrle tow 

YOitagesuppty(A1) 

2. Aecornectthetow~oha!)EI/highvoltage interface 

and check fora norm&! + 9 VDConthecolectors 

of OJ and 04. ("1l"Ml actual SlQnal on the c.olledors IS 

a OVOC to ... 18 VDC squ.are wave). 

119volts iSnotpresent replatethehighvottage 

supply(AIO) 

3. If items I and 2 dleck okay replace the low VOltage 
supply(AI) 

System turns on. but no display 1. Chec:k lor presence of hi!)h voltage by disronne<:t.ng 

on the CAT tor any drsplay mode the CRT anode lead and arcing it to the chassiS. If 

no art, replaoethehighvoltagesupply. 

2. 11thehigh vottagesupplyisokay, replaretheCRT. 

MOfe than one key Is inoperat1ve 1. Replace the Processor Module (A9) 

ortlaslhewrongelfect 

OnlyonekeyisinopeJative 

Any par1 of the nonvolatile 

memory la~s to remember 

1. Replacetnedefe<:tivekeyswitch 

Lithium Battery 

Do not mutilate or disassemble the battery eel. The 

~lhium metal iS a very octive material that bums in the 

~olwatl!forhighhumidity,Oonotputthe 

battery in fnl. attempt to charge. heat above I OO"C, or 

solderdirectly tothecel. Donotoverdischargethecel 

toarevat'Sevoltagegreaterlhan3vohs. The battery 

may bl.nt and bum or release hazaroous materials 

1. Troubleshooting Instructions 

5-36 

A . T...n system powel'" switch ofl aod disoonnec;t 

lheunillromtheprWnarypowersource 

B . RemovetheProcessorModule (A9)1romlhe 

systflmaod place on anon-cooducti'I'Eisurface 

C . With a voltmeter measure the DC voltage 

aaoss the Nthi...n battery in the tower ten comer 

of the board 
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S.141 . Spe<;trum Analyzer 

1 set the UUTfOf the Monitor Function at 300 MHz the Spectrum Analyzer Display. and OdB input attenuation 
Corvlect the Signai Genel"ator to the AF ln/Out J<t<:k on the UUT. ~erify 11 spectra_' a_mptitudeof - 30 dBm :': 5 
dB 011 the CAT display. Increase the Rf StepAttenuator .n 10 dB .ncrements verifying that the spectral amplj­
tudedecreasesby10dB :': 3dBwitheachstep 

2 Verily the operation of the Dispersion COntrol 

5·142. Duple~ GeneratOf 

t Sele<:t the Duple~ Generator Dosplay anclthe Monitor FullCtiOnat a frequency of 100 MHz. Enable the 45 MH~ 
otlset frequency. For an tma!)e Low switch position verify t ha~ a displayed duple~ lreQuen<:y of 55 MHz can be 
obtained. Set the Image Sw1tch to the HIGH position and ver1ly a duple~ freQuency display of 145 MHz 

2 Enablethe0 -10MHzoflsetlrequencyandverily that displayed duple~ lrequeodesfrom 100 MHz to 110 MH~ 
can be obtained 

3 Sel the UUT to the Generate Func:tion With the Duple~ Generator Display. With the Code Synthesizer and me 
E~temal M(l(1ulati0n sources OFF. adjust the 1 kHz Level COntroi!Of a 20 kH~ FM deviation reading on the CAT. 
SelecttheMomOf f~andadjusttheolfsetlrequency loraduple~outputoi100MHz. Ccn>ec:tthe0uptex 
Output Jack. to the RF In/Out Jack. and verify a 20 kHz : 1 kHz FM deviation reading on the CRT. 

5-143. System Troubleshooting 

5.144. A troubleshooting procedureisoutW"Ied in Table 5-6. Because of thec:omple~ltyolthe system me table~· 
er5onlythemajorlailuresandproVIdesonlya!JUidetolhemost~Oiellliledi"I"II)OtAe. Whenu~lhetableitiS 
important tousethed"leckoulproc:edlre atparagraph5-123todelermnelhelath. The~tableassunes 
that a~ tests prior to the failure point have been SU~X.eSStuly compleled and thus the applicable crcuts are okay. 

5-1 45. A ht of the system test p01nts and lhelrlunctionsare PfoviOed in TaOie 5·7. Test points are~tifiedon the 
block d~agrams tor the Theory ol OperatiOn diSCUSSion o1 paragrapn5.16 and lor the Module Oescnpt100s to aid., 

troubleshooting 

Table5-6 SystemTroublesnooting 

Test Paragraph TroubleshOOting Procedure 

TestParagaph 

No AC indication I . Chetk AC linocord and line !use 

No Oven Ready indication 

2. 11 system powers up normally when on. Repla<:e AC 

LED 

1. Check lor appro~imately + 15 VDC at E13of the 

A 13 module. If not present replac:e the Low Vol! age 

PowerSuppty (A1 ) 

2. Check E11 o1 A l 3for + 9 VDC and E121or 

approKITiatety + 7.5VDC. tiE l ! tsokayandE121S 

0 VDC . replace !tie LED. II the + 9 VOCis nQI 

pt"esentonE11 replaceA1 3. 

Table5-6 SystflmTroubleshooting(COnt) 

0 . lfthebatteryvdtage iStess ltlan2.4votts, lhe 

c:e11 iSdisch;.rged and sh<.luldbereplac:ed. ll the 

battery isokay. replacelheentteProressor 

Module (A9). 

E. If a new ballef"Y iS needed. obtain a new cell 
(P/N60-80396A0l from Motorola. Replace the 
batteryusingtheprocedureinPart2 

CALITlOtl 

Do not substituteanothet lype~battef"Yasa 

replacement. The spedfied battery was chosen with 

saletyasamajorconsideration. Other~battery 

typeS may present potential hazard when used in 

2. Reptacementlnstnx:tions 

A. TIKTI system power switch olf and disoonlect 

theuniltromlheprWnarypowersource 

e . Aernove the Processor Module (A9) from the 

system and place on a nonconduCtive surface 

C. Cuteachol thetwowiresconnectingthe 

Oatterytothecircuit!)Oardneareachbatlery .... 
D. Removelhebatterylromthehold-downctip 

E. Remove the new battery from its shipping 
containefandputlheoldbattery intothe 

shi~c:ontainer.Oisposeollhebatteryasper 

Part J . 
F. Witha 40.watt0flowefwansotderingiron 

remove lhl!l old battery leads from the board 

G. UW"Igeare not to short the battery leads to 

eachotherortolhl!l battef"Ycase, inStalthe 

batteryintolhe~clipwithlhenegati'I'EI 

teadneare,tlhelelte<)9eolthecard(<*a.it 

boardconnectoredgetowardyou) 

H. SoldoflheleadS!romthenewbattel"'fintothe 

printed wiring boardatthe pointswheretne olcl 

leads were removed from . 
1. TrWn the lead ends and reinstal the module into 

!he system • 



 

 

Test Paragraph 

5-132 

Test Paragraph 

svstemT~(Cont) 

Troubleshooting Procedure 

3 O!sposallnstructiOns 

A. DonotlisposeoftneWthiumDatterybyplacing 

ltintheeverydavtra!.h. Uthiumt:la!leriesare 

clasSified as hazardous material and must be 

disposedofaCCOI"dingly. 

B. ConSllt State and Local Codes for the 

appropriateprooeduretobeusedfordisposal 

c. Motorolawldisposeofthebatterytoryooif 

yousenditintheshippingcontainerandbythe 

same method tnat the new battery came to you 

to: 

Motorola . Inc. 
Re!um Goods Oep;r,rtment 

1313EastAJgonqllinRoad 

Sdlaumbllrg , t~ 60196 

No OPL (modulation) Signal on t Check TPl of the Audio Synthesizer for the 

CAT prnenoe of the OPL SignaL If not present replace 

2 Ctleclo;fortheOPLsignatonpin64oftheAudiO 

SynthesizN. Ifnot presentreptacetheiEEE 

interlace module (A8). or check for the presence of 
lhejl.rnpersonJ8forthestandardunlt 

3 ChiK:itlortheDPLSigrlllltTP6oftheAudio 

SynthMizer. llnotpreseotreplacetheAudio 

Syn1hltslzer(A6) 

4. Check for the DPL sogna1 at TP4 of the Scope 

Amplifier module (A2). If not preseot replace the 

SoopeJDVM control module (A3) 

5. 11 signal switChing is okay to the Scope Amplifief' 

module proceed to the scope troubleshooting 

intormation 

No e~~:temat modulation on the t . Check lor modulation Sognal at TP7 ot the AudiO 

CRT Synthesizer module (A6). II not present replace the 

AudioSynthesizermodvle. 

No horiZontal sweep 

S.. "CAUTION" not• 
on page 4·19 

Noverticalsnyc 

Dist011ionJSINADmeter 

inoperative 

No generate output 

No frequency Modulation 

S-38 

Svttem Troublnhooting (Coni) 

Troobleshootingf>rocedure 

I. Check lor a voltage level between - 2 .0 voc and 

+ 2.0VDCat TP4 ollheScopeAmpliliermodule 

(A2). lithe voltage cannot be brought within ranoe 
wittltlithlll'theverticatrangeattenuatororltle 

verticalpositioncontrolreptaoetheFrontPanel 

tnterlacemodule (A t2) 

2. tfltle¥01tage at TP41sokay replace the Scope 

Ampfller moi:Ue (A2) 

I . Chec:kfortheinputSignalatTP4oftheScope 

AmplifierModtJie(A2). 1fnotpresentreplaoethe 

Front Panel interlace Module (A t2) 

2. lfS9-.aliSokayatTP4replaoetheSccpe~ 

ModUII(A2) 

1. Check lor the presence of sync pulses at pin t2 of 

the Sccpe/OVM Control module (A3) and for a 

nonlinalzerovottsyncpresentlevelatpin76. 11 

eittw signal is not present replace the Sccpe(OVM 

c..ru.o-.. 
2. 1fsyncp!.Aseanctthesynpresentlneslf8okay 

replace the Scope Amplifief Module (A2) 

l . lltheDVM modec:hecksollay replace the Scope/ 

DVM Control module (A3). 

2. II the DVM mode does not check okay go to the 

trcubles/'looting hi for DVM N; floperative. 

I . AemovetheAFcablebetweentheRFSynthesizer 

(AS)IIIldthe AF Input module(A11). Checlo: lor a 
~-10dBmlevelattheSynthesiz.-output_lf 

nooutputreptacetheRFSynthesi.Zer. 

2. 111heSynthesiZerovtputisokayreplacetheAF 

lnputmodule(At1) 

1. Chackfor~ationSignalatpinS6oltheAF 

Synthesizer(AS). IItheslgnalisokayreptaoelheAF 

Syntnesizer. 

2. 111hemodulation5ignaliSnotpresentproceedtothe 

troubiltshootingWstunder ''noDPL(modulalion) 

Signal on CAT" 

. ) 
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Test Paragraph 

5-133 

5-134 

Test Paragraph 

5·140 

System TroubleShOoting (Cont) 

Troubleshooting Procedure 

2. Check tor the modulation signal on pin 66 of the 

AudioSynthesizer. lfnot presentreplacelheiEEE 

lnterlaoemoctute(A8).orcheckforthepresenoeof 

the modulation jumpers on J8 for the standara unil 

3 . Continue troubleshooting at step 3 of the " no OPL 

signal on the CAT" 

FrequeocyCounteriloperative 1. CtM!Ck for presence of a 1kHz Singitl al TP9of the 

AudioSynthesizer(A6). 1fnotpresentcheckforthe 

tO MHz signal from the Frequency Standard module 

(A t 3)1otheAFSyntheSiz9f(A5).1fpresentreptace 

theRFSynthesizer. llnotpresenlreplaoethe 

Frequency Standard module. 

2. 11the I kHZsignaliSpresentChecklorthepresence 

of the signattobecounted at pins61 and 63ol the 

processor 1/0 module (A7). II not present replace the 

FrontPaoellnterfaceModufe(A12). 

3 . If siogoal is okay up to the Processor l/0 module 

replace the Processor 110 module 

DVM AC mode is inoperative t _ Check for DVM signal at pin 22 of Front Panel 

lnterfacemodule(At2). 1fnotpresentreptace the 

Front Panel Interlace module. 

2. Ched! lor sllOf1 bursts of the DVM N; S9"'ll at TP2 

of the Scope/DVM Control module (A3). If Slgflal 15 

not present at TP2 replace the Scope/DVM Control 

3 . 11thllsignalisokaytoTP2ofA3.reptacelhe 

Processor 110 module (A 7). 

DVM DC mode is inoperative I. Check lor the DC input level attenuated by factO!'$ of 

1Dtolessthan1 vottatpin22of theFrontPanet 

Interlace module (A 12). II not present of ~ greater 

lhan1vott.reptacetne FrontPanetlntertace _., 
2. Check tor same voltage at TP2 of AJ_ IIS~Qnal not 

present.replaceA3 

3 . II Signal is present at TP2. replace Processor 110 

Table 5-6 System Troubleshootr.g (Cont) 

lnternalwatlmel:erinem::w 

Nomonitorhllctoon 

Troubleshooting Procedure 

1. AeplaoeRFinputri'IOI;Ue (A1 1) 

I_ Apply a t0.7 MHz moc:sutatedcarrier to !he AFinput 

Check for normal receiver operation e~~:cept redtJcea 

seosltlvity. llreceivertsnotworkingreplace the 

Aaoeivermodllle (A4) 

2. 1flheraoeiverchecksokayandlhegenet"ate 

flJnctU1 iaokay. replacflthe AF lnputmodule(Ait). 

MonitorfrequencyerTOfdisplay t . GotothetrOUbleshootingliStunder "trequeocy 

ismlssing counterlnoperative'· 

1. Oleck for presence of IF Signal atpin9t olthe 

5cope(OVM Control module (A3). II not presen1 

repiaceltleAeceiverm<XIule(A4). 

2. lithe IF signal is present replace the Soope/DVM 

ContmlrnodUe. 

Nospecti'Ull analyzer sweep I . Check pin 6 of the AF Synlhes!zer module(A5)1or • 

50Hz5qUirewa~~e.lfnotpresentreplacetneRF 
Synlhesizermowte 

2.1150HzsignalispresentreptaoetheScope/OVM 

ControlrnodUe(A3) 

SpectnP~displayisinem::w 1. A!tp\acelheAeceivermodule (A4) 

No e1uple~~:output t . AeplacetneAFinputmoclule (Atl) 
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TableS-7. TestF'Oinlldentlflcation 

111 points are located near the top edge of the card and OOII"IIed from lett to right when fadng the component 
ofthtcard 

Testf'oifltNo Signal Name 

101 Pulse Width Mod Out 
102 NMWkfthModDr 

103 HV Scuce Voltage 

A1A2 201 """"" 202 +5V FB 
203 - sv 
204 + 12V 

205 - 12V 

206 + 33V 

207 + 110V 

208 - 110V 

AIA3 

Control Board 301 + 8V 

302 PWMI> 

303 --,.. H.V. BiuSUpptyVolt1198 

305 Sawtooth Voltage 
306 -ORA 

Chopper DR B 

Relay Assembly 401 ""'""' 402 FteqU~nCySidSupVoltage 

403 Relay + t2V 

"'""' A2 lntHorizlnput 
Scope Amplifier HorizO'ItaJDeflectionPtate 

Horizontal Deflection Plate 
Vertical Olive 

'-'TV 
VerticaiDefledionPtate 

VertlcaloenectionPtate 

CATZ-Axis 

5-42 

A3 

Scope/DVM Control 

A6 

AudioSynthesizm 

A7 
Processor I/O 

A9 

"'"'""" 

A12 

Interlace 

TableS..7. Testf'oW"Itldentffication(Cont) 

Testf'oW"ItNo Signal Name 

Intensity TV 
tO Tme Base Output 

10 

Vertical Charact« Sync 

Ext DVMtoA/D 

Positive Peak Detector 

~1. DVM to AID 

NegaliYe Peak Detector 
earner + MOD Level 

Character Gen. Reset 

GNO 

+ 8V 

SynthDPLAudio 

DPLC!odo; 

UnfillerodDPL 

Synth. 0 /A Output 

""'""" Composite Modulation Audio 

Composite Extemal Mod. Auctlo 

Synthesize.-Cioc:k 104. 857 .6 Hz 

1 kHZ Modulation Sou'ce 

AID Input 

Unfiltered 10.245 MHz T.V. 

DVM/Freq. Counter Select 

Frequency Counter Input 

No1U""' 

""""" Oo1C1ock 
Character Row Clock 

CharacterC1oc:k 

Character UneC1oc:k 

RIWSeled 

Chat. Gen/Processor Selec1 

Anenuator Buffelo"Otstput 
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Find Qty. 
Port No. No. Req. 

001 

002 

003 M$$1957-23 

""' MS35206-226 

007 

008 " 04- 114583 

""' 5 MS24693-5:24 

010 

011 SN63WRMAP3 

012 50083205BOJ 

2S-P07967V001 

ou 
017 

M$3367-4-9 

019 SE2Cl500tS 

020 

9-303JTA93 

3738 

037 47-80331A45 

038 1 S..P07880V001 

MS24693-268 

042 

043 42·80331A47 

12SW5061S 

047 

048 5 

28 

051 

052 

053 

057 

"' 059 1-80305A47 

060 1-80305A48 

1·80305A50 

1-8030SAS1 

64-P06810A001 

Nomenclolure 

FRONT PANEL ASSEMBLY 

CHASSIS. SYSTEM 

SCREW.PH. CRES 

BRACKET. CRT SHIELD 

STRAP 

TERMINAL, INSULATED 

ADHESIVE, CARTRIDGE 

MOTHERBOARD ASSEMBLY 

COU PLING. FLEXIBLE 

SHAFT. EXTENSION 

COlER. TRANSFORMER 

ISOLATOR . CAT. BOnOM 

SCREW, FH BLACK 

FOOT. BATTERY HOLDER 

FOOT. BATTER Y HOLDER. L 

WASHER . SHOULDER 

SCREW. PH ASSEMBLY 

SCREW 

WASHER, FLAT 

WASHER. FLAT BLACK 

WASHER. LOCK BLACK 

CABLE ASSEMBLY A 11 A4 

CA BLE ASSEMBLY SYNTH 

CABlE ASSEMBLY. OFFSET 

CABLE ASSEM BLY 4SSKHl 

CABLE ASSEMBLY 10 245 

CABLE A.SSEMBL Y 10 MHz 

PLATE . CONNECTOR BLANK 

~} '" ~ 

PortV•Iue Find 
No. 

4--40X1 5 

6-32X .2SO 

077 

079 

... 
082 

083 

087 

096 

098 

099 

101 

102 

107 
108 

1380-32X1 250 

6-32X31 2 

J014 

J015 

A.11 rMOl H(RBOARD 

A.4 MOTHEABOA.RO 
POOl 

A4 •M0T HERBOAAO 
P()()2 

Qty. 
Req. 

AR 

2 

Find Oty. 
No. Aeq. 

Port No. 

SN63W"r3 

M230SJ15.103-9 
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6611)5.4 

M$35~31 
9226-A- 1 lOA 

J3.14232A09 

1-00305A57 

1-80305A59 

MS24893-S2 

876M-2 I 
42.ao37~ 

8 7077-2 

1-110305A$l 

61-80331M4 

61-80331M2 

26-P08059V001 

M2305315-~ 04-C 

M23053/S..102-9 

SJ.5()()9 

RTP-1005A 

RTP - 1 006~ 
RTC-10026 

:~~~~ 
65-15161-'fS 

65- 15 161A~9 

09-80331Af6 

09-80396AI1 

15-10811A07 

28-80346A~5 
9-80346A4t 

25-80369A1 1 
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SECTION 7 
LOW VOLTAGE POWER SUPPLY (A 1) 

7-1. GENERAL The low voltage power supply (figure 7-1) converts an AC line voltage input or a DC voltage Input 
to the required DC operating vOitag s. The power supply is composed of four modules, each module containing a 
printed wiring board. These modules are the relay, control, switcher, and output modules. Protection circuits protect 
the power supply against short circuits, high internal temperatures, and high and low DC bus voltages. 

7-2. INPUT POWER CONTROL Whon AC power is applied to the power supply, the output of the AC rectifier and 
filter circuit provides the DC bus volt ge. An AC sense circuit provides a control voltage when AC power is present 
This control voltage Isolates th DC vOltage Input from the DC bus and drives the front panel AC indicator. 

7-3. The off. standby. or on oporatlng mode of the power supply is selected by the control circuit. When the analyzer 
Is off. the frequency standard nd chopper generator are off, and the battery charger is on. When the analyzer IS In 
standby, the chopper generator Is off nd the frequency standard and battery charger are on. When the analyzer Is 
on. the frequency standard and choppor generator are on and the battery charger is off. Thus, the battery is charged 
when the analyzer 1S In the off and at ndby modes of operation. The frequency standard operates in the standby and 
on modes of operation. 

7-4. The battery charger roqulr 
provided by the AC boost circuit . 

voltage higher than the nominal DC bus voltage. This increased voltage, 32V. IS 

7-5. To operate the pow r supply u ng a DC voltage input, the AC power input must be removed, disabling the AC 
sense voltage. When the AC pow r I removed and the analyzer turned off, no power is present on the DC bus. When 
the analyzer is switched to th standby mode, the DC relay closes, connecting the DC voltage input to the DC bus 
and the supply vOltage to the fr uency standard. When the analyzer is switched on, the chopper generator is enabled 
and normal operation occurs 

7-6. DC OUTPUT CONTROL Rogulatlon of the DC output voltages is accomplished by using the + 5volt output 
as feedback. This feedback vOl t g Is compared to a stable reference voltage (7.9V). The resultant control voltage 
determines the on time of th pul width modulator, thus regulating the input voltage to the chopper circuits. The 
output transformer winding r tlo del rmlne the output voltages with respect to the + 5-volt feedback. 

7-7. The chopper gon r tor orovld a 7-volt reference voltage, a 20-kHz squarewave chopper drive signal, and 
20 kHz triangular wav form 1 n pulse width modulator has a 50 percent duty cycle. For control voltages that ar 
above or below the m an DC volt g of the triangular waveform, the duty cycle is proportionately increased or 
decreased. 

7-8. The filtered DC output from the pulse width modulator is chopped 50 percent through the primary windings ot 
output transformer T2 at 20 kH7 r 11. The DC output is alternately switched between each half of the primary winding 
of T2. Current through th prim ry winding center tap is passed through a current transformer whose output is usod 
tor overcurrent protect on. 

7-9. PROTECTION CIRCUIT. Thl power supply is protected from shorted outputs, high internal temperatur . 
and high or low DC bu vOlt . In ch case, the protection circuit pulls the control voltage line low. disabling th 
pulse width modulator and hutt ng down the power supply outputs. 

7-1 



 

 

10. ShortctcuitprotectioniSprovidedby ~toring thecurrenl in lheprimarywindingoltheoutputtranslorme~ 
Z. When an output IS shorted. the pnmary w.nd•ng curreot will irc'ease s.igmieantly. Th•s causes the overcurrent 
!lector to pull the control voltage ~~ low. ~isabl'ng !he !)Use width modulator and shutting down the ootput. Wiltl 
e output shu! down. there is no pnmary winding current . c.using the control vol1age hne to be released When the 

~VOhage ~ne _is ~ase(l . lhe pulse Wldltl modulaHJris again enaDied and the power supply outputs are available 
~- If the~ cifl;UtiS stil present, lheshutclownsequeru will be repeated. A aNy isprov;ded intlleO'IefCU"rent 
!tector eaus.ng the Shutdown sequence to qde at an approunately 0.5 second rate 

-11 . Over l~at!)l'e protection~ providecl by a ttlefmalswitch. When the temperature ot the power supply 
tceeds ttle sett1ng of lhe_ll-.ermal sw1tch, the switch closes, puling the control voltage line tow. disabling the pulse 
kith modulator and sllutllng down the power supply ootpots. Normal power supply operation vnt resume when the 
mperature retums to a sate operating level 

-12. ProtectiOn against hign or low DC or JC.IIne inpUts isproviclecl by monitoring tne DC bus voltage. When the 
C tiUSIIOitageexceecs 20 volts. or laws below 10 volts. thetligtlllowsh.rtdown ci-M pulls the controtVOhagetwle 
w. disabling lhe pulse wld1h modulator and shuttong down the power supply outputs. When the DC Oous voltage 
~urns to normal. the power supply will automatocally resume nom1a1 operation 

-13. HMlH ~AGE CONTJIOL. . The HV BIAS V line and the HV SOURCE V line provide the high voltage power 
.opply A I 0 wottl bias volti198 and pnmary power, respectively. 

· 14. S~tT?HER ~LE A1A1 . ~ sw.tcher module (figu-e 7-of) contall15 the pulse wodth modulator and 
'IOppe( CirCUitS. The lr'lptJt PWM DRIVE Signal , from the control module, SwitcheS the chopping CirCUli on and M 
111~ produces a rectangular wave output which is filtered and appli&d to transformer choppers A and B. In effect. this 
ctiCir'l regulates the voltage which IS applie<lto transtormer T201 on the output module. The PWM OUT Signal is a 
~ary iopvttothevottageregulatorc:omparatoron thecontrolmodule 

-1 5. Transformer choppers A and B are driYenbyCHOPPER DR A and CHOPPER OR 6 signals from the control 
IOdule. Output 591als XFMA OR A and XFMR OR 6 are 180-degrees out-of..phase and XFMR OR A 1 and XFMA 
>A 6 1 are 180-degreesout-ol-pnase. Aro ou:put, HV SOURCEV,IromlhechoppingarcutiSthe prin1ary P<Jwilfsouroe 
Jrthetlighvoltagepower supply. 

-1_6. CNP !?vervoltage Protection). The OVP zer- is c:ornected to the ..- sv output !rom the output module and 
MSthemaxmum + 5vottteverto + 6.3volts. 

-17. OUTPUT MODULE A1A2. The output moau1e (figure 7-8) ptO'iides the regulated output voltages arxlthe 
ooent sense voltage lor the overcurrent protectiOn Clfcuit. Input power is provided by Signals XMFR DA A. A' . B 
nd_':l ' . These ~nals are 20kHz squarewaves and dnvelhe primary windings of transformer T201. Alter fug wave 
~fiCIIIIOn and l~tenng , the oorrunal output voltages are ava~able as shown io ligUle 7-11 

-1 8 .. The pnmary ~~of traf'lslormer T201 is monotored by transformer T202. The voltage developed across 
20215 ~wave ra::tifie<:l a~ applied to the current limit drcuiton the control module by the CURRENT LIMIT SENSE 
lgnal. ~'riCrease~the~arycurrentoiT201 f)rOCIUcesaoorr~increaseinthevottagedevelopedacross 
202. This ncreasetS appliedtotheCU"TentlitnitCII'cuitandovercurren1protectiOnininitiated 

-19. Regulation ol _the output voltage is accomplished Dy the + 5-vott feedback . When the + 5-volt output is 
'QUiated. the rttma.nll'lg output ~age5 will be regulated becau~ of the turns ratio of the windings between the 
~~the +5-VOhOU1pu!ISheldtoOfl8pE!ftentreg.AatlOn, theolhel'outputs wil beheldtoliveperoent 

·~- TheCNP (Overvoltage Protection) output is applied to a 6.2-VOh zener diode mounted on the chopper assembly. 
Nsprovides overvoltageprotection to the + 5-vott output 

1J5 
ACBOOST I I 

I I BOOST 
BAITER'f I I ~ RECliFIEfl; 

M """'" 1 1 """""' II I I 
1ACBOOSTCTI 

' I I i I I 
I MAJMAC I >< 

~ 
I 

I ~~ 
RECTifiER ... 

H ~~~m; l i 
FILTER 
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CONTROL I I'WI!m I 
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" 
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i 
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SU""-T 
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7·21. CONTROL MODULE A1A3. The control rnoc11Ae (figure 7-11) prollides puls-e wxtth modulation control and 
contaioslheprotoctooncrCWs. Pt.r.iewidthmodl.CationcontrotisaooompliShedbyCO'T'4lilringa7.9V refervnoevottage 
to the + 5-_volt feedback from the output module. The res.Jtant in tegrated control voltage is applied to the pulse width 
controi.ThiSYOitage1Scomparecltothe20kHztriaf191evoltagetodelermiroethedutycycleoflhepulsowidlhrT'IOCIUator. 
The chopper dove outputs are squarewaves and are 1110-degroos out-of-phase with eactl other. 

7-22. When the DC BUS VOhageisOV8f 20or under 10 VOhs DC. theover/OI'Idef VOhageprotectiondrcuit puis the 
control VOhage Signal to the pulsewodth control Clfcuit tow. This action shuts down the puls.ewodth modulator. 

1-23. The sott startCII'CIJ!t tlows therise timeotthecontrotsignaltothepulsewidthcontrolcircuits . Whenthesignal 
reiiChestheoperatongtevelthe1101tllartcteuiiiSSwitchedootofthecontrotloop 

1·2• . TheoverCU"T9fltdeloctOI'CCJri"C)arft1StgntlthltisproportiOI'Iedto the currentinthecun-enttranslormer. toa 
reference When the current ~ too Ngn. the control sig\al is pulled low. shutting down tne output module. Alter a 
dela~ . the OUt~_~Ut moclule operates again, II the malfunction causing !tie overcurrent is stil present. the module wil 
!ohutoown agaon. Thos 5eQUOI'\C8 wol cycte II 1 0 .5 second rate unt~ the malfunction is corrected 

7-25. When me ontern.altemperlt1!)1'8 ol the power Sl4JPiy rises abOve as•c. the overtemp shutdown drcuit causes 
!tie control Signal to go low, shutt.ng down the putsewidth control circuit . Ttle control logiC functions are shown io table 
1-1 

tnputSogne1s Output Signals 

p:;;;-on OattChr HVBias DCl.o<l 
>.C ..... '"""' '""""' ACLod ._ RelayEnaDie' 

Low low ::; "" Ofl "" low 
Low 

~ "" "" Ofl 
~ "•' low Ofl Qfl Ofl 

"•' .... """ Ofl "" Ofl .... 
' Note ttlat RELAY ENABLE lOw, doH nolirnpty tt1at the retay oS dose<i. The PWR OfF s.gnat on tne retay mod­
ule must atso be hogn to doH the fill~. 

7-28. RELAY MODULE AIU, The relay module (figure 7-U )IS mounted on one end plate of the power supply. 
~applied to 1111 module ttwoogtllline transformer or the DC ioput. When an AC ioput is used. the 
RElAY ENABL!:: line ~ high, thl "NY Is open, and the power supply operates from the JC. ~- The MAIN JC. and 
MAIN JC.Iine5 ri!C8Ive 1 t 3 &.V(Itt N; rms rtput 1rom the line transformer. Alter lui wave fliCtification. the DC power 
Is routed trvougnout the POwer tupply on the DC t:IU$. F~ering of !he DC power is clone on the switcher module 

7-27. WhentheDC iflput lsUH<J , the~lineistow, therelayisclosed , andthepowersupplyoperates 
from _tne DC onput The blltttry dtllge Wlllage is boosted to 32 volts uSing the JC. bus voltage to bias an AC boost 
windingcentlll' top 
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F'!!ure 7-2 Low Voltage Power Supply A1 
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SECTION 8 
SCOPE AMPLIFIER (A2) 

8-1. General. The Scope Amplifier module contains the horizontal and vertical deflection amps, the horizontal 
timebase generator. focus and intensity control circuitry, and miscellaneous CRT bias adjustments. A block diagram 
of the Scope Amplifier module is shown in figure 8-1 with its schematic shown in figure 8-2. 

8-2. Deflection Amplifiers. The vertical and horizontal deflection amplifiers are identical. The input signal is initially 
amplified and split into two stgnals 180• out of phase. Each of the two signals is then further amplified to become the 
CRT deflection plate signals The amplifiers provide up to 200 volts peak-peak signal capability with a 1 MHz frequency 
bandwidth. 

8-3. Horizontal Timebaae Generetor. The horizontal timebase generator provides calibrated sweep rates over a 
six decade range from 1 "sec to 100 msec per division. Sweep rate selection is from the processor via the SCOPE 
SWP CONT 0-7 signal lines Vernier control over the sweep rate is via the SWP VERN VOLT input from the front 
panel. Sweep triggering is etth r tho auto or normal mode as selected by the AUTO/NOR TRIG SEL line from the front 
panel. In the auto mode. tf the SYNC PRESENT input is high indicating no sync, the scope sweep is self triggered 
after a hold off t ime. If there tS a sync present. the sweep will wait for a pulse on the TRIG PULSE line to start the 
sweep after the hold off ttme. For the normal trigger mode the sweep will always wait for a TRIG PULSE input. 

8-4. A sweep cycle conststs of two parts, the sweep and the hold off. During the sweep the CRT is unblanked via 
the SWP BLANKING line and the horizontal trace is made. At the end of the sweep the CRT is blanked and the hold 
off time begins. During the hold off time, which is equal to the sweep time, the sweep generator and trigger circuits 
are reset in preparation for the next sweep. 

See "CAUTION" note on page 4·19 

8·5. Horizontal Switching. The Input to the horizontal deflection amp is selected between two sources. The INT 
HORIZ IN signal line provides the horizontal character sweep and the horizontal spectrum analyzer sweep. The other 
source is the scope mode stgnal path from the horizontal positioning summing amp. The scope mode signal is either 
the output of the Horizontal Timebase Generator or the EXT HORIZ INPUT from the front panel. Selection between 
internal horizontal and scope mode horizontal inputs is via the SCOPE MODE EN line from the processor. Selection 
between the two scope mode signals is via the EXT HORIZ EN line. 

8·6. Intensity Control. A crossover network is used to provide CRT Z-axis modulation from DC to 1 MHz. The 
INTEN LVL signal from the front panel control is gated with the SCOPE Z-AXIS signal by the intensity Level Gate. The 
gated signal is summed with the HV REF and INTEN SMPL VOLT signals to provide the INTEN TV signal. The INTEN 
TV (Intensity Tracking Voltage) is the low frequency control path which drives the intensity optoisolator in the High 
Voltage Supply. 

8-7. The high frequency modulation path is via the Z-Axis Modulator circuit. The resulting CRT Z-AXIS signal is 
capacitively coupled to the CRT grid. 

8-8. Focus Control. The I=OCUS TV (Focus Tracking Voltage) signal is obtained by comparing the FOCUS LEVEL 
control line to the FOCUS SAMPLE VOLT signal. The tracking voltage signal drives an optoisolator circuit in the High 
Voltage Supply which controls the CRT focus voltage. 

8-9. Astigmatism, Geometry, and Trace Rotation. These three CRT alignment controls are obtained from the 
respect ive wipers of three potentiometers. Each potentiometer is connected between supply voltages equal to the 
adjustment range required. 

8-1 
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SECTIONS 
SCOPE/DVM CONTROL MODULE (A3) 

9-1. General. A primary function of the Scope/DVM Control Module is to route the required measurement and 
viewing signals to the DVM and scope circuitry. A large portion of the displayed data is determined by the DVM 
measurements on internal signal points. Thus for a rapid update of several data displays it is necessary to time division 
multiplex several measurements points to the DVM. The DVM control circuitry and the system processor provide this 
function. 

9-2. The scope control circuitry allows the system to display data information, internal modulation or demodulated 
signals, and external scope inputs as selected by the user. Provisions are also made for external horizontal inputs 
and a horizontal sweep that is coherent with the sweep generator for spectrum analyzer and filter alignment displays. 

9-3. The control module also contains circuitry for single sideband demodulation and a IF phase locked loop for 
filtering and waveshaping the IF signal for frequency counting. A block diagram of the Scope/DVM Control module is 
shown in figure 9-1 with a schematic shown in f19ure 9-2. 

9-4. Scope Vertical Control. The Input to the scope vertical amplifier is switched between four different sources; 
the range switch (VERT FROM RNG SW), the vertical character sweep, the spectrum analyzer (SPECT ANA VERT). 
or the 455 kHz IF. Range switch inputs are from either the scope vertical input jack on the front panel or the internal 
modulation signals as selected by the modulation display control on this module. The vertical character sweep is a 
sawtooth waveform generated by the Vertical Character Sweep Generator and synced by the VERT CHAR SYNC 
signal from the character generator. The detected and amplified output of the receiver logarithimic IF is the vertical 
input for the spectrum analyzer. The remaining signal source is the second IF signal from the receiver for IF envelope 
observation. 

9-5. For the spectrum analyzer and the scope sweep displays the Dual Display Control and Character Sweep Counter 
circuitry allow a single row of characters at the top of the CRT. This function is implemented with the Vertical Sweep 
Control by alternating the spectrum analyzer or the range switch signal with the vertical character sweep signal. 

9-6. The dual display sequence of events starts with the Synthesizer Sweep Generator which is common to both 
display modes. When the synthesizer sweep is near its peak (scope horizontal sweep is at the edge of the screen) 
the Dual Display Control activates the CHAR GEN RST line and switches the scope vertical and horizontal inputs to 
their character generator sweeps. When the first character line has been traced, a transition on the LINE 1 input from 
the character generator resets the character generator sweeps and the character generator, increments the Character 
Sweep Counter, and thus causes line 1 to be traced again. This process repeats until four traces, as counted by the 
Character Sweep Counter, have been completed. At that point the counter resets the scope inputs back to the spectrum 
analyzer or range switch input. During the character display time the synthesizer sweep generator is reset and held 
until a transition on the SYNTH SWP SYNC line restarts the sweep. The timing of the process allows for the four 
character traces to be completed before the sweep sync occurs. 

9-7. SSB Detection. Single Sideband (SSB) modulation is recovered by multiplying the 455kHz IF signal with a 
455 kHz beat frequency oscillator (BFO) signal. The BFO is controlled directly from the front panel and is adjustable 
over a 6 kHz frequency range. SSB AUDIO from the multiplier is routed to the receiver for post detection filtering. A 
sample of the BFO signal is made available to the frequency counter on the IF/BFO FREQ line for sideband frequency 
error determination. 

9-8. 455 kHz PLL For monitor frequency error determination a 455 kHz Phase Locked Loop (PLL) is used to filter 
and to shape the IF signal. The cleaned up signal is switched with the BFO signal to the frequency counter. 

9-1 



Figure 9-1 ScopefOVM Control Module A3 

Block Diagram (Sheet 1 ol 2) 
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1·1. Scope Horizontal Control. Switching for the scope horizontal nput is divided between two moclules. The 
time Dase generator and the e)(temat horizontal nput are seleCted on the scope alnl*fier mocltAII. The Horizontal 
Charactet Sweep Generator and the Synthesiler Sweep Generator signalS are selected on me Control Module to the 
tNT SCOPE HORIZ signal line 

9-tO. For the dual display lllOdes (dlaracters and synthrtsizer sweep) the Horizontal Switdl Control switches the 
horizontal input between the synthesizer sweep and the character sweep. This switching occurs Simultaneously with 
that oco..mng in the scope vertical control as described in paragraph 9-e. The Horizontal Switcfl Control also~ 
the SCOPE MODE EN line to the scope amplifiE!f to enable "the scope mode horizontal inputs 

9-11. Synthesizer Sweep Control. The sweep signal generated by the Synthesizer Sweep Generator iS controlled 
in amplitude and in range across the tront panel sweep width con trol . Attenuations of 1.0 or 0 .1 are provided by !he 
Sweep Wi(fth $elect OrMry lo the sweep signal at the DISPERSION SWP signatlr.e to the top ol the width control 
The bottom side of the width control is returned to the Sweep Width Select cirCtJitry via the DISPERSION SWP RTN 
line. A 10 to 1 re-sistor dlange iS made in the return line Simultaneously with the attenuator cflange to give sweep 
ranges ol1 -10 MHZ andO.Gl-1 MHZ 

9-12. Scope Z· Axis control. The SCOPE Z-AXIS Signal haS three posSible sources as selected by the Z-AXIS 
Control cireut . For character diSplays the Z·AXIS Signal iS tne CHAR GEN Z-AXIS from the Character generator. The 
SWP BLANKING Stgnal trom the horizontal timeoase generator IS SWitChed to the scope Z-AXIS lor the scope modes 
For the remaining modes. spectJu"n analyzer and seopeswecp a logic zero level is gated to the Z-AxiS in.,ut 

t -13. ModU!Mion Display Control. Internal rniXM!ItiOn or demodulated signals are displayed on the scope by 
switdlW"Ig me ~ed Signal source to the input ranging switCh and lhen switching the ranging switcfl outputlo the 
soope vertical input . The INTERNAL SCOPE AND PEAK DETECTOR SELECT crruitty switches OEMOD CAL AUDIO 
or AM CARRIER + MOD LEVEL or MOD CAL AUDIO to the tntemal soope and the peak detectors. The signals ate 
gain adjusted before exitirlg the module from the tNT SCOPE TO RANGING SWITCH output pn The gairt5 are 
processor selected 

9- 14. The OEMOD CAL AUDIO sognal from the reoeiver is e4ther A.M . FM, or SSB as determined by tneoperaling 
mooe. The peak signal level on this lineoscalrbr&!ed 10 IO kHZ/11011 for FM a.nd 10%/volt for A.M. sse ~nals are not 

cahbrated 

9-15. For AM the CARRIER + MOO LVLmpu!fromthegeneratoroolpuldelectorprovidesadire<:!dis~ayof!he 
modvlatiQn. This inpul is a DC level representative of !he average output level plus an AC signal represenlahve of !he 
amplitl.lde modulation on !he oulput. For the scope modulation display !he DC level is blocked so that only tne /1£ 
component is ooserved. This input is uncal ibrated for abso!ule AC levels. but the processor by delern"lining the peak 
/1£ and average DC levels can delermine the moclulation Cleplh 

9-t6. For FM the MOD CAL AUDIO input from the audio synthesizer iS calibrated to 5kHZ/volt for narrow band and 
1020 kHZ/volt for wiOe band. Correspondingly !he display calibralion attenuator has two gain ranges to maintain the 
samedisplaycalibrationforbolhnaTTOWandwideband 

t-11. Peak Detector. Eadl of the mcxlu!ation and oemodulation iopu!S can t>e seleCted to the peak oetecting 
cifcuitry lor the oetarmination oi "Ao AM or kHz deviatio:"l. The peak detectorcircuitJy provides DC outputs equal to the 
~and positive peak values of the input signal relative to the averaoe DC level of the signal. These levels are 
lttendigitized by the DVM and input to the processor where the modulation level is determined 

t-11. DVM Control. Ally oneol nioeintemafmeaSI.J"fiiTier"lt pc:Wits may beswitchedlo tNT DVM TO A..IO . This signal 
is routed lo the A7 (processor 1nlerl~ board) where it IS l'l'llJ!ipleJ<ed with e~ternal DVM data to the input of the 
a.na.1og to digital (A/0) converter. In general severaltntemal mea~! pc:WI!s must be nput to !he AID converter 
to obtain alol the displayed data. Therefore the processor continuously cycles the INTERNAL DVM SELECT \hn:lugh 
tt.requiredmea~t pc:WitsstoppW-ogateadlonelongenough!Odigitizeandinputtnedatatothe~sor 

Figure9-2 Scope/DVM Conlrol Module A3 
Schemalic D iag ram (Sheet 1 ol 4) 

9. t 9. The lnlemal DVM Selecl switch ie: followed by a range attenuator. As !he processor cycles ttvougtl the inputs 
it sets the ranga attenualor IICOOI"ding to the last qde reading made at !hal input. Thus eadl inlemalnpu!IS auto 
ratl9ed over lwo oecades 10 tjve three digit accuracy up to a maunum inpul of 10 volts. The i1ternal DVM inputs 
andtnetrfunctiOtl are liS!ed ln table9-t . 

+ PeakVol!age 

- PeakVol!age 

Carrier level 

BA.TTVOLJ 

SINAD/OISTORTION IN 

Table9- t . lntematDVMinpu!s 

Positive moclulalion measurements 

Negativtl modula!ion measoremen1s 

RFoutputlevet 

Power level applied to the RF Input/output port 

Forward power level on eJ<Iemat in~ne wattmeter element 

Reflected poWE!f level on ex1emat tnline wattmeter element 

llottagetevela!OC input}ackonlherearpanet dividedby 

•o 

+ 5V level signal the processor that the RF toad !emperature 
iSIOOhigh 

DC level proportiona.l to the signalpowel'" a1 the input of the 
SINAD/01STORTION NOTCH F~er 

t ·21. external DVM/Distortlon Control. Ex:temat DVM and distonion inputs to the tronl panel jack. are ranged by 
!Tic:roprocessor control OV9I" lo...- deCaOel at lf'lfiA t 2(1ront panel Interlace) module . The resulting output is rooted to 
the DVM FROM RNG SWITCH inpul of tne A3 module . The Signal is input!O the DVM/DISTORTION SELECT Cireutry 
andthegainof6.5 precedi1gthe1 I<Hzno!Ch lil!er. 

1·22. Oittortion Measurement. In the distortion mode the DVM/DISTORTION SELECT circuitry routes the outpul 
of the 1 kHz nolcflliller IO the EXT. DVM to N D output pin where it is connecled to the RMS to DC converter on the 
A7 (processor inlertaoo)moclute. The ootpul of the RMS to DC converter is multiple~ed to the AID ana read Dy the 
ITlieroproc&ssor. The onput to the notch fillet" is rectified , rlltered and applied 10 the INTERNAL OVM SELECT !or reading 
by the microprocessor (refer to paragraptl 9-19). The microprocessor divides the RMS output voltage of the notch 
filter by the average re<;\tfied lflPUI YOitage to the notcfl rotter to obtain !he percent distortion fOI'" a I kHz input. The 
notch f~ler has a microprocessor controlled gain that is switched 10 ei!her times one or t imes ten depending oo input 
dislortionands.gnal levels 

9-23. EXTERNAL DVM MEASUREMENT. In !he extOfmll OVM mode !he DVM FROM RNG SWITCH lflPU\ is routed 
by the DVM/DISTORTION SELECT circuitty directly lo the EXT DVM TO AID output where 111s connecled to !he 
RMS to DC converter on the A7 (mocroprocessor on terlaca) module. The output of the RMS to DC converter is 
multiplexed to tne AID converter where it is read by the microprocessor. 

9· Z4. Module Control. Processor OOI'lltOI of the Scope, DVM Control moclule IS VIII tne AF ADO BUS 0-3. ltle AF 
DATA BUS 0-3. and the AF BUS EN 1 signal lines. The four address b ts are decOded by the Adclre5s Decode to 
delmmme wt"IICtl control Latch !he four bits ol data WJI be latched into The talchtng process .s syndVOI'"IIzed by the 
enable line . Controllatdles tn addi\JOfl lo those necessary for controlling the moclule provoOe control lor !he Scope 
Amplifier module and part of the RF Input module 
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Figure 9-3 Scope/ DVM Control Module 
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Figure 9-2. Scope/ OVM Control Module A3 
Schematic Diagram (Sheet 4 of 4) 
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SECTION 10 
RECEIVER (A4) 

10-1. General. The Receiver down converts the 10.7 MHz first IF signal to 455kHz. Following the down conversion 
a linear or a logarithimic IF amplifier provide the gain prior to AM and FM detectors or the spectrum analyzer detector 
respect ively. Post detection filtering provides the wide or narrow band responses for the audio outputs. The audio 
amplifier for the speaker and the alarm generator are also contained on this module. A block diagram of the Recelv r 
is shown in figure 10-1 and its schematic in figure 10-2. 

10-2. Down Converter. The 1 0. 7 MHz IF signal is converted to 455 kHz by mixing with a 10.245 MHz local oscillator 
The local oscillator is phase locked to the system 10 MHz frequency standard. A sample of the 10.245 MHz VCO 
signal is output to the Processor 1/0 module. There the VCO signal is mixed with 10 MHz, the difference is divided by 
49, and the result compared with a 5 kHz reference obtained from the 10 MHz. Any frequency difference causes a 
correction to be made to the VCO frequency via the 1 0.245 MHz VCO TV line through the Loop Filter. 

10-3. The IF filter following the mixer provides the selectivity for the system. Two bandwidths, ± 100 kHz wideband 
and ± 13kHz narrowband, are processor selectable to correspond the front panel bandwidth control. 

10-4. Linear IF Amplifier and Detectors. The linear IF Jmplifier amplifies the 455kHz signal to the AM and FM 
detectors. The DC signal from the AM detector is fed to the AGC Amplifier and Squelch Detection circuitry. There it Is 
compared to the AGC reference with the resulting AGC signal controlling the gain of the IF Amplifier. For signal present 
indication and squelch operation the SQUELCH LVL from the front panel is compared to the AGC voltage. When th 
AGC voltage falls below the squelch level, indicating a strong signal, the SIG PRESENT line is activated. With the SIG 
PRESENT active the audio is allowed through the select switch and the signal present light on the front panel I 
illuminated. To warn the operator when the IF input level is beyond the linear range of the IF amplifier, the AGC voltag 
is also compared to a fixed IF overload level. When this level is exceeded, the IF OVLD line is activated causing th 
processor to flash the warning on the CRT display. 

10-5. The AC component from the AM detector is buffered by the Audio Buffer and then passed to the Audio Select 
switch. The lower 3 dB corner on the AM audio response is approximately 100Hz. 

10-6. Frequency modulation is recovered by a dual bandwidth phase locked loop discriminator. The bandwidth , wid 
or narrow, is selected coincident with the IF Filter bandwidth. Audio from the discriminator is applied to the AudiO 
Select switch. 

10-7. A 455 kHz Buffer amplifier provides an interface between the IF Amplifier output and the IF processing circuits 
on the Scope/DVM Control module. 

10-8. Audio Switching and Filtering. The output of the AM or FM detector or the SSB AUDIO signal from th 
Scope/DVM Control modul~ can be selected as the demodulated audio output. Selection is made by the processor 
depending on the operating mode and the presence of the active state on the SIG PRESENT line. If the SIG PRESENT 
line is not active, the Audio Select switch is opened squelching the audio signal. 

10-9. The Audio Filter provides either wide or narrow band filtering on the recovered audio. For wideband a 0.5 dB 
bandwidth of 100 kHz is provided while narrowband has a 0.5 dB bandwidth of 3 kHz. The output of the filter Is 
separately buffered to three signal lines. The DE MOD CAL AUD signal is used on the Scope/DVM Control module for 
modulation determination, the DEMOD OUT signal goes to the front panel jack, and the VOL CNTL AUD provides the 
drive to the speaker audio amplifier. 

10-1 



10-10. Logarithmic Amplifier and Detector. For the spectrum analyzer function the logarithmic IF amplifier 
processes the input signal level over an 80 dB range. The Amplifier is composed of four 20 dB sections summed 
together. Amplitude detection at the output of the amplifier provides the SPECT ANA VERT signal to the Scope/DVM 
Control module. 

10-11. Alarm Generator and Audio Amplifier. An astable multivibrator operating at 1 .2 kHz is the Alarm Generator. 
The Alarm signal is controlled by the processor and is summed with the VOL CNTL AUD ATN signal at the input of 
the Audio Amplifier. The SPKA AUD output of the amplifier has 0.5 wa11 capability and is connected directly to the 
system speaker. 

10-12. Module Control. Address decoding for the two control latches on this module is performed on the 
Synthesizer module. The two decoded lines, AF LCH ADD 13 and AF LCH ADD 14, determine which Control Latch 
the four bit data bus, AF DATA BUS 0-3, will be stored. 

10-2 
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SECTION 11 
RF SYNTHESIZER (AS) 

11-1. General. The RF Synthesizer provides an RF signal source for the frequency range from 10kHz to 1 GHz 
in 100 Hz steps. The output frequency is programmed by the processor through the RF control bus and is phase 
locked to the 10 MHz frequency standard. A reference divider in the module produces outputs of 500kHz. 50 kHz. 5 
kHz, 1 kHz, 100Hz, and 50 Hz (SYNTH SWP SYNC) each having the same accuracy as the frequency standard. A 
block diagram of the RF Synthesizer is shown in figure 11-1 and its schematic is shown in figure 11-3. 

11-2. Frequency Synthesis Scheme. Four phase locked loops are used to generate the output frequency; a 60.5 
MHz loop, a 31 0-440 MHz loop, the 500 MHz-1 000 MHz loop, and the 550 MHz loop. Two of these loops contain 
programmable dividers, controlled by the microprocessor for varying the frequency. The 310-440 MHz loop is controlled 
by the tour most significant digils of the required frequency and operates in discrete 50 kHz increments. The 60.5 
MHz loop is controlled by the three least signifiCant digits of the required frequency and operates in discrete 50 Hz 
increments. 

11-3. The output is derived from three sources, covering the ranges of 1 0 kHz to 250 MHz, 250 MHz to 500 MHz, 
and 500 MHz to 1000 MHz. In the first range, 10 kHz to 250 MHz, the output is derived by mixing the fixed 550 MHz 
signal with 500-1000 MHz signal programmed for frequencies from 550.01 MHz to 800 MHz. For the second range, 
250 to 500 MHz, the output is a divide by two of the 500-1000 MHz signal. The final range is the 500-1000 MHz 
signal directly. The appropriate frequency source is switched to the SYNTH RF output of the Output Select switch. 

11-4. A basic flow diagram for programming the RF Synthesizer is shown in figure 11-2. This diagram includes 
generate and monitor considerations, wideband amplifier control, and modulation control. 

11-5. 310-440 MHz Phase Locked Loop. A single 310-440 MHz VCO is phase locked to the 100kHz reference 
input using a straight forward loop. The VCO output is divided down to 50 kHz using a programmable two modulus 
prescaler and divider. Programming of the divider is controlled by the processor to give output frequencies from 310 
to 440 MHz in 50 kHz steps. 

11-6. 60.5 MHz Phase Locked Loop. The 60.5 MHz loop is programmable over a ± 100 kHz range in 50 Hz 
increments. The 60.5 MHz VCO output is mixed with a 50 MHz signal from the 550 MHz loop. A programmable divider 
following the mixer divides the 10.5 MHz ± 100 kHz signal down to the 50 Hz reference frequency. A comparison 
between the divider output and the reference signal by the Phase/Frequency detector results in an error voltage to 
the VCO which maintains the phase lock. 

11-7. 550 MHz Phase Locked Loop. A fixed frequency of 550 MHz is obtained by dividing the 550 MHz VCO by 
55 to obtain 10 MHz. The 10 MHz from the divider is compared with the 10 MHz frequency standard in the Phase/ 
Frequency Detector. The resulting error signal is filtered and used to correct the 550 MHz VCO t~ maintain it.!!:!_lock. 

11 -8. A Voltage Controlled Attenuator (VCA) follows the 550 MHz output to level the generator output for frequencies 
below 1 MHz. The leveling loop In the RF input module provides the ALC VOLT control signal to maintain the required 
output level at the front panel RF jack. See paragraph 5-31 for a further description of output leveling. 

11-9. 500-1000 MHz Phase Locked Loop. The 500-1000 MHz output is locked to either the sum or the difference 
of the 310-440 MHz and 60.5 MHz loop output frequencies. In the locked condition, mixing the divide by two output 
of the 500-1000 MHz VCO's with the 310-440 MHz signal gives a difference frequency equal to the 60.5 MHz output. 
There are two frequencies at the divide by two output, the 310-440 MHz frequency plus or minus the 60.5 frequency, 
which will mix down to the correct frequency. However, the sense of the loop is inverted for one compared to the other. 
Thus the phase switch following the Phase/Frequency Detector determines at which frequency the loop will lock. 

11-1 



11-10. Modulation Control. Modulation of the tuning voltage for the 60.5 MHz VCO provides the frequency 
modulation of the RF output. Since the modulation sensitivity changes by a factor of two when the 250-500 MHz 
source is selected. the modulation control provides programmable gain control to maintain constant sensitivity at the 
FM MOD and SWEEP inputs. Additionally, the wideband modulation mode requires a gain of four beyond that for the 
narrowband mode. Thus under the control of the processor the Modulation Control selects between the SWEEP and 
FM MOD inputs. provides gains of 1, 2, 4, and 8 for the FM MOD input and gains of 1 and 2 for the SWEEP input. 
Input modulation sensitivities are 5 kHz/volt and 20 kHz/volt for narrow and wideband FM input and 2 MHz/volt for 
the sweep input. 

11·11. Module Control. Control information is latched in four bit control latches which are loaded by the processor 
through the RF control bus. The four bit RF ADD BUS 0-3 is decoded by the Address Decoder to determine which 
Control Latch the four bit RF DATA BUS 0-3 is to be stored. Synchronization of the data transfer is the function of the 
RF BUS EN line. Two decoded address outputs, RF LATCH 13 and 14, select latches on the receiver module for 
receiver control. One control latch output, LO/HI BAND SEL, goes to the RF Input module to control the frequency 
range of the output amplifier. 

11·2 



. 

::::" ::. 

: ~·-· -- -· :: 
: - -
: -- ~·~ -.. - ~ 

~·- - "' .. -~~ 

- ~ ·-: --- ···---- " ·- ----·~ 
_, ... ......,.. .... -·-- ~-

o• ~·-----0-
_..,. _ -- _ .... --- ~·--- _ ........ -- - _ ... _ 

--- -.at·----·-_ .... -
0~ -- - _ .... --- -··-- · --

- "' ... -
: 
:: - ---· --

-~-
... : -~ 

~ -
~ 

::: - --
~ 

0~ 

0~ 

Figure 11-7. AF Synlhesizer A5A2 (RTC..OIOB) 

Parts Location Diagram 

. 

\ll l W A. 
~·~(;4/1 
,., p~ .. (l!o 

0:€ ... 

Find O!y. 
No. II .... 

~~~~~--~=-
""' ·~· 

om 

0~ 

om 
o•• 

o•• 

o•• 

'"' 
OM 

0~ 

OM 

0~ 

Figure 11-3A. RF Synlheslz.er />S (RTC.10018) 
Part• Loe&1ionDi.gram 

--
~-- --~ 

·~ -
=-~· 

-··"--.,...,,,,_ - """·---.. ~ 
-·~ .. ~ 

-~ , ........ .... 
~~~ 

-
·--

~-

-~ ~·--- --a·---OWO!OIIl -·~ 
-~·-

~~~ IIIOOH-:111--

~·-

~~ -... ~~~~~--



I. \lt. •,..; ~ Of" (OIAl'':.~t.~<,H T:::: ec_ 
::.t..EC T '"'l"T"'....5T 

2. ~ <.~ I 'S "::.E I..f;(.T ~~ Tt. ~T 

~~T~k~~~~~:~: -u e. c~ 

Figure 11-7. RF Synthesizer ASA2 (RTC-40108) 

Parts Location Diagram 



r---------------------------------------------------------------------~~~~~~ 5. 6 

45
_ 

52 
'>-+___;.R::_F ;..;:AD:.:.D..:.BU:.:S..:D·..:.3 ____ --l 

~i:~ )-4---'R.::..F..:.DA.;.;.T;.;.A :;.:BU:.:.S..:.()-.:...3 ----1 
ii'F"BUs"EN 21. 22 ~___:;;...:.::.:...:..:..._ ____ -i 

Figure 11 -2. Frequency Programming 

Flow Diagram 

'---------r 7. 8 

J2 

U112. 123 137- 145 

r-------------------------------------------------------------~RF~L~AT~C~H~A0~0~13Wi 1~4j_-' 2S. ~ 

U136 

[ '""''"' ['",';']] NJ10-440 '1NTERGER - --20 ---

r p.,. ..... [¥ J] 
AJ10-440 ".al DECIMALl----20--

1 
-

fJ11).440 •1 .. :10-440 • AJID-440) !iOKH1 

Figure 11-1. AF Synthesizer 

AS Block Diagram 

f60 • 50 MHz • l"rol 50 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

.. ~, •• }•w 
+"" c:=:::<i: l"~ 

~ .... 
L ____ __ ___ ____ __ J 

Figure11·4 Digital SynthesizerA5A1 
Schematic Diagram (Sheet 1 ol 2) 

... = .... '"+'""'"'-"''-""=--• ...-;; .. ----r · ·~-;;::~~­... 

.... .... 
~ '"" 

I + •• 

I r · 

• ....,_ •u.o ~ M~ 

l . '<>fl•t.Ol .. t.W(t. QII""''..:;" .... " ..... 
oo -~oo•uw "~"'"'-.,. 

r-~====~------£•:"·------~~~t----------1 ·.::;·~ ,. , ...... 

Figure 11-3. RF Synthesizer 

AS Schematic Diagram 



Oty. 
No Req. 

.. 
04 1501 

"" 3:P0t9 

"""""'' 
'"' 
'"" 
''" l l C*"g.B£6 

2l-103'96A.t0 

''" lJto3'6.u& 

''" lt 11D96...U 

C 12l 

c 1 2~ 

C:UI ,.......,. 

C13l ........... 

21 -10396-'St 

C T;M 

.,..,..., 
2J.II039&AJ& 

------t---· ··---------+---~~~~~;~ . 

SC"E.W.PH 

wUttEJUDCII 

~PACITOR 

"""'""' 

......,""" 
""'''"""' 
""""'"" """""" 

CAPoloCHOf'l 

CAPACITOR 

C-<P"""" 

c;.t.PACIT~ 

"'""""" 

"""""' 

""'"""" 
Q.AAOTOA 

CAPACITOR 

. ;:!:t;:(~:~!~~~!>~~"1~1. ~0>. ... ~,:"~l~" ~~~ 

, r~:~~~:~·£(~r£:/!~!>:(~ f" Tc: 

~ ~{~~~~~i~:t~~:.·~:::· -~-"' 
& •-·,.,~ -, . 

t ;;~~;: '::;;;~' ·.~ . ""'~" ·~ -.,~-<>·0""" 

Figure ·11-4. Digital Synthesizer A5A1 
Schematic Diagram (Sheet 2 of 2) 

Figure 11 -5. Digital Synthesizer A5A1 (ATC-40098) 

Parts Location Diagram 

(Sheet 1 of 2) 



- ... ... ... .... "" .. - .. .... ... ... 
(; ttl 

IIOI)ol~tt llliiiTOOI~ "' I(OIUollOCIIICV" - IOUI"-Hv I S12Uot Y IOJ "'t[(;IUI[OCIJICUIT 

"" 
,,_, 

MM~ CAS200EIICMEI*O 

·-·10.100 l l !l<MI "" 
,,...,.,~ , , IHTt0"""'UICW::UIT 

· ~ •-"·IG- 100 U o1•.0U MM~ "'TIOAAIUitllleUII <;Alt- $CIIIUIOEO 

-·~ C t" ·- · "'''., .. TIOIUollOCMCUn ~1-SCI'IElhf:O 

"" ~- - ·-~ -~ - "'T[(;OIAT(D(;R).IT 

Ut iO.\H -~ 
ll-1 -~ ·--10100 .. TIGIUIIOQIIICUfT MCt~KIII:IHI! 

tsu•_.., - c;.o:)oii(I(SCJIIUM(O - M tU.o.:t') 

C~tOO - "'TIOI'IAI IOCII'ICUOI 

~·· - ::::: M tMA.If 

= .,., ..... , )1 -«Di!!AIO M IQII.OflDOIICI.I'T SII74UII !-SCM£NE 

M- "'" - - IStl<l.oof 

"" .,tlOIW'U>OifiCUIT SNT....Sltlt<KIOUNI , .. - OfflOAATlOCIIOCUIT SO<l'"L5731<SSCIIH>C 

11St20At1 

~~ srn•s130<SSCIIllHl 

~-· 
U t2o•n -~ ··- "'TiOAATlDOIICUIT ... "''''"' IS12Uif ••4•• 

fiW "'" 51<7-..-Sotlll(JO[ 

"'' ... , 
Ul ) l ... IOOIArt:OOOICUn' wco-.sco.EICO ··- ··--~ ··- ·~·-· llt1U.Ot 

,_ 
ONTtOIUJlOCMeUIT WCt~SCII([Ioo(O 

IIU<SlOit MM~ ··- f.ltl<l-

,_ 
floi(:1<003SC#IflH£fl ,_._.,. .. !(QMJ(OQIIO,O:t 

no t-o•M loiCO- SCJI((>O(D ··- ... ,. ... ,_ 
M=~ 201<·"''' ~1 1011000 ~" .. I(I)A.OTIOCMCUI'T .. .,,_ , ....... ~( 111$1011 

U tf.O.ot3 , ......... OtOOUlHII'. )J).!-0 

I'.I SISIOIO 1St20Ul 

Flgure11-5. Cigital Synthesizer /t..SA 1 (RTc.wo9B) 

Parts Location Diagram 

(Sheet 2 of 2) 

F9l6& 11-6 AF Synthesizer A5A2 
Schematic Diagram (Sheel1 of 3) 



m·"o<:::=l ~~------'""------'=------«1 .... ,___.,_______::-___ ___.___ _ __] 

F1Q!KE'11-6 RFSynthesizerA5A2 
Schematic Diagram (Sheet 2 of 3) 

F~gure 11 .6 RF Synthesizer A5A2 
SChematic Diagram (Sheet 3 of 3) 



. n 

. a 0 

Figure11-7 RF Synthesizer A.5A2 {ATC..t010B) 

Plortsl.ocatlonOiagn~m 

, .. =. , .. 
No. No. 

·--~ CJ71 
ll«JMAJol 

Cll~ 11.10)fW1 11X10Pf·l0- 1CIC 
·~ 

.,_.,.,, 
~ 

21.t0J10A" 

-·~ '~ »l.W.zG-10 

21.t031t~U' 

'"' f1.t03l'Oi l! "~~ ·--IP<-100 

'~ -~ nc.<-S-loll 

~o -1031()on 

<m -~ •m - -• •oo 
'* --~ ' * 

21 -10:1~ nol't'-31QII 

·~ -~ 
'~ .,_,w.~s•O!oOu 

-~ 
... 

,,..,-3100 

-~ '"' 
' ~ 
,_ -

-- :::::: u•~ ,_ 

Cllll11 -- om 
Clll l ~ 

4121-7 "'"""" :::::: ·~ 

CMn ·~ 
l::t1 ---'~ 

-~ 
~·· -KfltOII:D - OOOOC"""'-'<::1010 ow -Clll•l -- on• 

0 

... ... 
~'"'""''' '~ 

'~ 

l•·-

'~ 
1•.-.-sG 

eoo. o,.WOUNo 
l'l:t:JM11101 

COOI. -...a..-

~ 

a•.eot'-

:: 
•-m 

-·-- '~ 
~ 

-~ :: 
-·~ ,.......,..,00. 

-- ......... 1!001 

... _., I"""S<JIOOI 

.._.,,..,.,~ 

::t::.·~ ••-•ooo 

~-· 
TA..,.&ISTOIO 

.... _. t """SISTOfl 

·-
Jl f l4 

-
-
-
·-
-··$QI((t<(0 

~SCOIIEV.:O 

-SCIIIDCO 
_1,SCII((M(0 

-ttSCN':[M[O 

-SCJO(lOI(O 

r 
l_ 

'"" ... 
No. r .. 
gm 1 

I 
~?lJ 

lll lJ• 

:I 
•I 

~· ... 

., . 
·= 
·= 

Figure 11-7 RF Synthesizer A5A2 (RTC-10108) 

Parts Location Diagram 



 

"" ~ -
1S t1W9 

-~ 

. ,. l5tti>1S 

··~ 
6S ir..A1S 

.S \2'...,, 

""' S!I•ISA" 

"* 

651 .... 11 

Figure 11-7. RF SynthesizerA5A2 (ATC-40108) 

Parts Location Diagram 

''"" "" ... ·~ 

.•. ....,, 
om 

om 

0 ~ ... .....,, 

0~ ... I S tOOMJ 

0~ .s ........ 

·~ 
0~ 

om •. 
0~ m• C..tON IOM •. 
·- •. 
0- •. 

U1IU13 ·-
l it?<• ll ... 

~ l" 

Al' ' 

Ol1t ~:lt~.OS 

.,, 
o >o 

.,,,..,, 
· ~ 
o• ..... .,, 

;;;,,..,, 
.•. 

... 
~ --·· •-w 

........ 

o@ 11!!1 :1<..01 

RESO&IOO 

-~ U okMt 

IIESOSTOOI 

IIESISTOOI 
RESISTOR ~·,. 

0~ ··-RESOSTOII 3.31<-S-111 
~'M 1 ... , • ··- ~~ 

os ...... , 

~o !.ISTOIO ,, ......... OS !I ..... ~'M 

00 lSI~ I 

-·~ RESOSTOR ........... 

"''''iT"" ~-Y.~-1- 1'* 

IIU.ISJOIO 

OI.SISTOIO -·· ~~~ ~ 

-·· RUI$100! -·· _,M 
OS I ..... , -·· TOIN<S/"OAAIE~ 

.. IEGAAI [OCIJIOUOT ...Ct--=-
CAll-~ 

OES>STOOO; !I-S.! I loiCtllll ...... 

""' ... -... .. .. T<GRAHCCIRCUIT 

AESOS'TOOo 

~ · ·>SIOR ---~0 .. 5100'1 >21<-S- t• 

AESOSTOA 

tOO-S•• 

1001<-•-•• 

Find 0ty. 
No. A~. 

Figure 11-7. AF Synthesizer A5A2 (RTC-40108) Parts Location Diagram (SheetS of 6) 



 

SECTION 12 
AUDIO SYNTHESIZER (A6) 

12-1. General. Generation, processing, and control of modulation audio is the function of the Audio Synthesizer 
module. Three modulation signals, private line, digital private line, and a fixed 1 kHz, are generated on the board. 
Processing for external microphone and BNC jack audio inputs as well as summation of all modulation sources to 
form a composite source is provided. Switching of the composite source to the appropriate modulator completes the 
function of the Audio Synthesizer. A block diagram of the Audio Synthesizer is shown in figure 12-1 with its schematic 
in figure 12-2. 

12-2. Private Line Generator. Private line tones from 1 0 Hz to 10 kHz in 0.1 Hz increments are synthesized using 
a phase accumulative technique. Consider the 360 degrees in a cycle to be divided into 220 pieces. A 20 bit digital 
accumulator incrementing at some fixed rate could then at any instant represen·t a fixed point in the 360 cycle. That 
is, if the accumulator was half full it would represent the 180• point and if totally full would represent the 360• point. 

12-3. The number of times per second that the accumulator goes through its complete cycle determines the output 
frequency. If the increment rate is fixed, the time required to accumulate 220 bits can be changed by changing the 
number of bits added at each increment time. 

12-4. The PL synthesizer increments at a 104 857.6 Hz rate so that if only one bit were added each time, the time 
to complete one cycle would be 1 0 seconds. Processor loaded control latches determine the number of bits to be 
added at each increment t ime and thus the final output frequency. A 20 Bit Adder adds the control word to the current 
word in the 20 bit accumulator Latch. At the next increment time the Adder output is latched and becomes the next 
input to the Adder. 

12-5. Conversion of the linear digital output of the 20-Bit Latch accumulator into a sinusoidal digital output is the 
function of the Decode ROM. A Digital to Analog (D/A) converter following the ROM converts the sinusoidal information 
into a quantized sinew ave having a period equal to the cycle time of the 20-Bit Latch accumulator. 

12-6. A bandpass filter with a 10Hz to 10kHz passband filters the quantized waveform to a sinew ave having less 
than 1% distortion. The level of the sinewave is processor controllable by a programmable attenuator having 0, 10, 
20, and 30 dB settings. The output of the PL generator is switched with the output of the DPL generator to give the 
INT MOD signal. 

12-7. DPL Generator. The 23 bit Digital Private Une (DPL) word is generated by the processor from the 3-digit 
code. The 23-bit word is then transferred to a serial shift register and clocked out at a 133Hz rate. Connecting the 
output of the shift register back to its input causes the 23-bit word to be continuously repeated. 

12-8. A 133 Hz tone from the PL generator is the DPL clock input. For the DPL output mode the tone is gated to the 
clock input of the shift register by the Shift Register Control circuit. During the load mode the Shift Register Control 
gates a control latch to the shift register input. Twenty three data bits and clock pulses are then provided by the 
processor to load the DPL word. At the completion of the load mode, the Shift Register Control switches back to the 
output mode to cause the DPL word to be cycled through the shift register at the 133 Hz rate. 

12 -1 



 

 

•• 
11.11 

,,,n 

"·" ..... 
•u 

".,)>-i---'=-'-""-----------------1 

Figure 12-2. Audio Synthesizer AB Schematic 
Diagram (Sheet 1 of 2) 

, ... , 

1KHz SINE Ill ' ( ~~ 
46 

I 
I 
I 
I 
I 
I 
I 

EXTMOO (II 
I 

Figure 12·1 Audio Synthesizer 

A6 Block Diagram 



 
 

 

Figure 12-3 Auaio Syntnesizer A6 (ATC-401tB) 
PansLocatlon Oiagram 
(Sneetl ot3) 

Figure 12-2. Audio Synthesizer A6 Scnematic 
Diagram {Sheet 2 of 2) 



 

 

Find 
No. 

008 

009 

COO• 

C002 

COOJ 

C()()oO 

C007 

COOB 

COl i 

C01 2 

C019 

C020 

C025 

C02B 

C033 

C034 

C OJ!:I 

C036 

C 04• 

C042 

Oty. 
Req. 

PolrtNo. 

MS20470AD4-5 

SN63WAP3 

AIV3145 

23-80396A40 

23-80396A40 

2 1-80396M9 

21DBU9-4B30 

21 -80396A49 

21.80396A49 

080&4326A27 

08D84326A48 

Figure 12-3. Audio Synthesizer A6 (RTC-4011 8) 

Pam Location Diagram 

(Sheet 3 of 3) 

-
AUDIO S~IZER 

PWB ...0 SYNTHESI 

BRACaf.PWB MTG 

RIVET 

SOL~ 

'"" EYELIJ 

RETA~ 

SCA E.WPH 

A.DHm.YE.SIL ROBBE 

CAPACITOR 

CAP.ctTOA 

CAPACtJOA 

CAPACITOR 

CAPCfTOR 

CAPACITOR 

CAPACIJOR 

CAPAG.TOR 

CAPAQJ'OR 

CAP...:noA 

CAPAQTOR 

CAPACt.TOR 

CAPACfJOR 

CAPACi"ffR 

CAPACITOR 

CAPACO'OA 

CAPAIIJQR 

CAPACITOR 

CAPA(JJOR 

CAPACIJOR 

CAPACIJOR 

CAPAQJOR 

CAPACfJOR 

CAPACITOR 

CAPACITOR 

Part Value 

4-"{)X312 

10UF-25V 

IUF-20-100 

34Pf-5-500 

. IUF-20- 100 

JOOOPf-2-500 
IOOPF-5-500 

. IUF·20·100 

IUF-20-HlO 

IUF-2Q..1 00 

IUF-20.1(10 

. IUF-20. 1()() 

.OS$7UF·2-50 

1100Pf.$.20CI 

I UF·20-100 

.1UF.2Q.100 

.IUF-20- 100 

I UF-20-1 00 

.IUF-2(). 100 

IUF·20-100 

IUF-2().100 

IOPf·$.5«1 

330Pf ....... 

ltPf·$.500 

022Ur.1.50 

022Uf· 1·50 

IUF-20-100 

IUF-20-100 

IUF-20-100 

.1UF-20-100 

10UF-25Y 

1UF.2Q.100 

150Pf-&-$CKI 

ISOPf-5-5«1 

.IUf-20-100 

"""' O<y. 
No. -

N II<IIIOA ' 

l!o512<&o\ll M llliiOR 

M lltlltOA 

NitS tO" 

IS124.tM 

'"""' 
uru,tM 

151HAQ 

"'" III IIITOR 

esr~r III IlS IOR 

'~' M llrlt OII 

NIISIOI' 
,~, 1St,...1 "' IISIOR 

"'lltS lOR 

IIC IIIIOR 

l!l triTQII 

'M> 

,_ 

"''' 

"'" &S12U41 

""' ........ 
l!ll&ISIOII 

M ilS I Oil 

..lo'(:II IIP ·- . ..,, ..... ..lo'(:!l l ll' 

,.., 
ltrll(QfiAI (OCIAOJIT 

~~ -~ 

'"" 1NT£CtRA1 f!OC11'1CUII 

Find Oty. 
No. Req. 

cw 
C04B 

COS ? 

C059 

0 002 

0003 

ROO> 

A006 

R015 

R016 

R025 

A02B 

l _M-!-t/<4 

1 .~~1/<4 

1--$-1/ol 

5.111·5.11" 

~15'1-6-1" 

IIIQO.S.I/<4 

-
-· ~-'OESCIIEENEO 

CA»oiOESCIIEENEO 

MCt.f(llf>I()S$CR£tN' 

llort No. 

IK)8J 326A48 

eJB2096J08 

a aoJ96A.co 
-8)84494830 

·· 80396A40 

aaoJ96MO 
211 80396A49 

H 80396A5 1 

2I80396A40 

d 80396A.f9 

S : B2372C IO 

ali 06FD102J03 

Sl82428B 19 

21185011 8 

41180345A80 

4l!B0345A81 

4lis4463K02 

4&184463K02 

411tl44631<02 

4Jil4463K02 

4~2256C11 

24~1 4 1 98A55 

24~14 1 98A55 

24~0369A31 

4f30368A92 

4&-60368A91 

4~368A91 

~A92 

48--80368A91 

06-10621894 

6Sf24822 

65~24A97 

65(24A83 

06.10621088 

06-1 0621056 

0115;10621C95 

0&;;10621C43 

6SJ24A73 

6S1:24A49 

6S"J24A97 

6S]t24A97 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

CAPACITOR 

DIODE 

DIODE 

MPS6519 SCREENED 

MPS6520 SCREENED 

MPS6520 SCREENED 

MPS6519 SCREENED 

MP$6520 SCREENED 

IOOK-S-1/4 

5.6K-5-1/4 

27K-5-1/4 

15K-S-1!4 

IIK-1-118 

3160-1-118 

IK-5-1/4 

680K-S-I /4 

Figure 1~-3. Audio Synthesizer A6 (RTC-40118) 

Parts Location Diagram 

(Sheet 2 of 3) 

Find O<y. 
No. .... 

~l.eo:IIIAII INTEGMTEO CIACUIT 

.,..,...., 
uor~ IK!"E(llltATEDCIRCUIT 

UOII MCt • nsecPSCREEHE 

MCt.oMae,SCIIttNE 

MCI400MCP~ 

""' !t • .,.,..,. 

!1-803911All UQ:l•NSCRfiNEO 

IHT(QIIAT£Dew:ull 

IHTEGRATEDOIICUIT 

"'" $1-«Uoos.t.lll 

INTEGMTEDCIACUIT MCt ..Ot rea>SCII££NI: 

··- INTEGRATED CIRCUIT MCI002.-cP$01EOE 

$1 -to)OIA51 

INTtGAATEDCIACUIT CAJ2oiOESCREENID 

""' 
"~ IOITEGAATEOCIACUIT 

S1·10361ASC1 

MC I-28SCAE£NEO 

"~' 51 -1034SA04 

... ~, CRYST.t<L 



 



 

 

 

! 1o2~s~;tPu ~~---u25---,-., -~ 

~~.~,~,"~,oo~"-,-~~~)(~~-· ---- :~~ ~l_~f~------------------------~~="~'="'~"~1< 

I~I!~~'Tjff~~r=~fl~~lr~l!~~~;-;-~~~~~~~~~~~~~-=~~~~~il!"!'"i''!"~~ ~1-86 ~~~! :~: :~; RF AORS BUS 0-l Ji-~~ 
91-96 I NMI ~y; g;o~ · ~ BUS " " I 50,55-57 

'----o;-- IL__-=r_,:1:i, l____._·u ' 

CONTROL 
~CiiES 

L.----~,-'"------,---i-------­
L- DVM / 1--'"'--------i----, 

L--_ FREO f--""'-""cc'-------t---, 

~i ... , .. ,.=----+-r-t. ~~·· ~~ 
~- _;~ 

'::;;:::~;: I ~y~' "" •cc~,:,u::TOR '"il":'"'"" 
• >-+'!!':"~;sf~l ~'"f~O-+---+------t'-1 SE~!CT U~13 CONTROL BUFFER 

l lf /BFO FRED ~ GA~E~IME U15 17 OVERFLOW =:J: U20 22 

I 1 UBU14 

I SYNTHIKHz ~ - fREOCrHR ________ _ 

Figure 13-1 Processor 110 A7 

Block Diagram 

;r..r;<.:. ... -o:.';!~. 

E!.7!:J.::-~ . .,_ ·~ .. , 
:.-:.:.::-.-::....-:-"- .. ·-·--

[IF-

I .. 

I :: -·· 

( Cl. Cl, Cl~. t~4_ tll 
Cl',C l9,C4C•_C4l 

C•.':l< 
~3 1110 11[0 ~~· 
'l) l _p;_; Hl, ~~l 

AFAORSBUSI>-3 ll,IS,I7. HI 

Figure 13-2 Processor 1/0 A7 

Schematic Diagram 

(Sheet 1 of 31 



 

 
 

Figure 13-2. ProcQSSOr 1/0 A7 

(Sheet2ol3) 

' .. ~=·:;;:;;.;::;· ·-rlr=F.F.~::::::t==Jl :: ::··· .... 

·1·~;i·:.· 
"~ ~c~, 
N,--•~¥ 

]
~-

,. 

~' 
+~~' 
~"00 

~ .. , 
~~~ 
~~· 

"'" .f"'>f.,., 

~' 
~ 

Figure 13·2. Proce$$0r 1/0 A7 

Schematic Diagram 

(Sheet 3 of 3) 



 

 

,...gure13-3 PTOcessoriJOA7 {RTC-4025A) 
Parts Location Diagram 
{Sheet 1 ol2) 

, ... .. 
, .. 
·-
·~ 
·~ 
·~· ·~ 
ODIO 

.. , 
·~ 

·~ 

.. , 

·-
·~ 

"" ... 

·~----
U>)<OAll 

"'""-
:::: 
.,.,._ 

Ut)<OA-1) 

t$I)<OA1S 

·--
001- >0U >CO'T 

001- TOU Oet> 

001-• 0U•et• 

... ,.~ 

.~·~ ~~~ 
1 . ...... . 

j~ ~ ~H~:~ 

-~ 
nu ...... ,OOI 

·-
TIWdiiTOOI 

lllS0$1001 

~M~ 

OO[S0$1(1111 

Oi(S0$1001 

"'"''(1111 

OI(SIITQOo Y ..... tu 

-~ 
~M~ 

·~·(Ill 

f0f.$.111T()IIv.oll,.kl 

~~~ 

114:11STOII 

llliiiTOII 

ll lloiTOII 

fU IIIIOII 

·~~ 

-·tl(;ll(l>IUI 

-~~~{H[I) 

~ ~- !1. 1 1 

·--··· · 

0 ••• 

··,!~l!7~ l~ir::-.. 
• •• t~ • ..,J · -·~·· 

- ""' .. . .. 
"* ft1)<0 .01} 

~-
·~ U11.$-TH ··--· -·- -~ -·- .. TlOAAI'lliCIIICI.OT 

~·-'~ 
IHTfQIIAT[I)eoN:Uif OOC•O•••~ 

'~ 
,_ 

...::•""'*"~ 

,_ 1NlEIIIATlliCIIICUIT OOC>-SCIIllH£0 

'~ 
,_ 

I'IT'fOIIATED(:TII(:UTT oi(:T4$1M(;I'SCIIUH[ 

U010 

.. T[GAAUDCIIICI.OI 01(:0-0.c;f'SC#I(Vtll ··-· oi(:T-O.c;f'$CAUJo( 

.. n<JMTll)eoN:Uif ,_ 
SNI..-ICAC(lOii 

IHTE(Ifi.Ofli)CIIICUIT 

uo•• 
,_ 

MEOOU.ITDDIICUOT 

O.OC::OOOOO!(;PS(fi[EHI[ ,,_, .. l[(lfi.OT[OColltuT 

...::··~SCJI((M( 

.. TlGIIATEDeoJICO.,OT ...:: •• ,..SCIIU..: 
'~ 

,_ 
.,UOAAUOC111CU11 o.oc::•·~SCJI(Vtll 

'~ 
01(:>404110'5CAI;Vtll ,_ 

.. TlOIUJ'EOCOf1CUOT o..2Qt-ISCllf_DTED 

.......:GAATlfi CoiiCUTT --'~ 
111)0(..1$CIIf.lH£0 

.. TIOI'ATlDCOOICU1" 
ooc•-.oSCMENlD 

ow 
,_ 

ooco~ICNO. 

'~ 

'~ 
,_ 

Figure 13-3 Processor 1/0 A7 (RTC-4025A) 

Parts Location Diagram 

{Sheet 2ol2) 



 

SECTION 14 
IEEE INTERFACE MODULE (A8) 

14-1. General. Remote control of the system is possible using a IEEE-488 bus and the IEEE Interface Module. 
The Interface Module provides the interface for the 488 bus and provides for processor control of most of the func­
tions normally controlled from the front panel. A block diagram of the IEEE Interface Module is shown in figure 14-1 
with its schematic shown in figure 14-2. See section 21 for information on the use of the IEEE Bus for system control. 

14-2. IEEE Bus Interface. Bus buffering and interface protocol as defined by the IEEE-488 specification is pro­
vided for by the IEEE Bus Interface circuit. The system processor accesses the interface directly through its address, 
data, and control buses for reading from or writing to the IEEE bus. 

14-3. RF Level Control. The RF Level Control circuitry selects between the 5 VDC + AM MOD or the AM MOD 
+ DC REF (I) input for remote or local control respectively. R:>r remote control the 5 VDC + AM MOD input is elec­
tronically attenuated to provide the requested RF output level. R:>r local control the attenuator is programmed for unity 
gain so that the AM MOD + DC REF (I) signal from the front panel RF level potentiometer controls the RF output 
level. 

14-4. R:>r the IEEE control option, a electronically programmable RF step attenuator is installed in the system. Con­
trol of the attenuator is then from the processor through the Address Decode and Control Latch circuitry on the Inter­
face Module. 

14-5. Modulation Control. Each of the three modulation sources are individually controllable by the IEEE Bus 
Interface module. R:>r remote control the respective modulation input (INT MOD (1), EXT MOD (1), and 1 kHz SINE) is 
switched to a programmable attenuator. The system processor selects the level of attenuation necessary to provide 
the requested level of modulation. R:>r local control the attenuators are programmed for unity gain and the respective 
modulation signal from the front panel level control (I NT MOD RTN (1), EXT MOD RTN (1), and 1 kHz SINE RTN (I)) is 
selected to the attenuator to provide modulation level control. 

14-6. Address Decode end Control Latches. The system processor has direct control over the programmable 
attenuators on the module with the Address Decode and Control Latch circuitry. Control data on the data bus (DO­
D7) Is latched at the Control Latch indicated by the address bus (AO-A 15). 
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SECTION 15 
PROCESSOR MODULE (A9) 

15·1. GENERAL The processor module provides primary control and data manipulations for the system. This 
modul contain a processor and buffer, a program memory (ROM), a nonvolatile memory (NVM), a random access 
m mory (RAM), a peripheral Interface adapter (PIA), a timing generator, and a character generator. Input and output 
nform t on I via th peripheral interface adapter and the address, data, and control buses. A block diagram and a 
ch m tic dl gr m of the module is shown in figure 15-1 and figure 15-2, respectively. 

15.2 PROCESSOR AND BUFFER. The processor is a Motorola microprocessor MC6802, operating at a 1 MHz 
clock r t Thl microprocessor controls the processor module via the three signal buses. The address bus provides 

to th selected device for data transfers (read/write) from the data bus. Synchronization of the data transfer 
I llzOd processor functions are provided through the control bus. 

15·3. PROGRAM MEMORY (ROM). The series of commands (program instructions) that direct microprocessor 
ctlon ar contained in the ROM (Read Only Memory). This ROM is comprised of two 8192 X 8-bit read only mem­

orl s. An additional 8192 x 8-bit read only memory is provided with the IEEE option. 

15·4. NONVOLATILE MEMORY (NVM). The nonvolatile memory provides storage for 1024 four-bit words. Data 
th t Is to be held during power off is held in the NVM, which consists of a battery backed RAM (Random Access 
M mory). When the power is turned on, the microprocessor reads the NVM contents to obtain its start up mode, the 
AF and tone memory presets, and the remainder of the preset data. If the operator changes a preset, the micropro­
oe sor changes the data in the NVM so that the new preset will be remembered. 

15-5. RANDOM ACCESS MEMORY (RAM). The random access memory provides temporary storage for both 
th proc ssor and the CRT alphanumeric display. The RAM has provision to store 1 024 eight-bit words, of which 512 
are used for the CRT display data. Data is written into and read out of the RAM by the microprocessor. 

15-8. PERIPHERAL INTERFACE ADAPTER (PIA). The peripheral interface adapter provides input and output 
latches for external data from/to the processor module. There are nine inputs from the keyboard, four column inputs 
(KYBD COL 0-3), and five row Inputs (KYBD ROW 0-4). A single input (IEEE OPT DET) signals the processor that the 
IEEE option Is Installed. The AF BUS EN 1 output signal synchronizes the transfer of data on the system AF control 
bus. 

15·7. TIMING GENERATOR. The t iming generator provides the timing signals for the character generator. All of 
th timing signals are synchronized to the 1 MHz master clock signal from the processor. A x2 multiplier provides a 2 
MHz clock to the 8-bit shift register, which in turn provides the dot clock. Additionally, the 1 MHz is successively divided 
through a divide-by-four circuit then through a 12-binary counter to provide the remaining clock requirements. 

15-8. CHARACTER GENERATOR. The character generator sequentially accesses that part of the RAM where 
character Information Is stored and causes the respective characters to be displayed on the screen. Since both the 
character generator and the processor share the same RAM, the two must be synchronized so they access the RAM 
during alternate half cycles of the master clock. The 1 MHz master clock signal, from the processor is used to syn­
chronize the 2 MHz dot clock. 

15-9. Characters are displayed on the CRT as eight-by-eight dot matrices. Thirty-two dot matrices, of which the last 
two are always blank, make one character line. Sixteen lines, of which the last line is always blank, complete the 
display area. Therefore, the total number of matrices available for character display is 30 x 15 or 450 matrices. The 
blank matrices and the blank line are used for horizontal and vertical retrace blanking, respectively. The display is 
generated by dot rows. As the CRT sweeps the first dot row of a character line, the character generator outputs a 
serial bit pattern of 1's and O's that turn the crt intensity on and off. The result is a row of dots that when combined 
with the next seven rows form a character. 

15-1 



15-10. A select switch. on the data and address buses tome RAM,1ogglesattnemasterclodl rate oft MHz. This 
results 11'1 the processor and 1t1e character generator haq access to me RAM a"ernately every other 0.5 microse­
conds. The processor stores in the RAM an 8-bit word that represent the character to be displayed. The Cl'laracter 
generator scans the RAM in sequence with the CRT display scan . As each location in the RAM is aOdressed. the 8-
blt word stored at that locatiOn is latChed by the 8-bitlatch. Seven o1 the bits in the latch are applied to the character 
ROM, the eighth bit is no1 used. The timing generator provides 3 bits whidl indicates whidl row of clots are being 
scanned. The tO bits appfiel:l to the character ROM. deline a speofiC clot row or a particular character. An 8-blt pat­
tern, defining that row of the character. is parallel-loaded into the 8-blt shift register. These 8 bits are serialy Shilled 
out of the register. at a 2 MHz rate, as the CHAR GEN Z-AXIS output Signal 
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SECTION 16 
HIGH VOLTAGE POWER SUPPLY (A10) 

18-1. GENERAL CRT bias and drive voltages are provided by the high voltage power supply. The power supply 
converts a nominal 15 VDC input to output voltages of + 4kV and a - 2kV. In addition, control circuits for the CRT 
focus and intensity grids are contained in this power supply. The high voltage power supply block and schematic 
diagrams are shown in figures 16-1 and 16-2, respectively. 

16-2. HIGH VOLTAGE SUPPLY. An 8 VDC at the center tap of the high voltage transformer is switched, through 
the transformer primary winding by the chopper, at a 20 kHz rate. The chopper drive signals originate in the low voltage 
power supply. One transformer secondary winding provides a 6.3 VAC CRT heater voltage. The other transformer 
secondary winding provides a 1 kV to a X4 multiplier and a X2 multiplier. The output of the X4 multiplier, a nominal 
+ 4 kV is the CRT anode voltage. A nominal -2 kV output of the X2 multiplier is applied to the intensity and focus 
modulators. The - 2 kV is regulated by comparing a sample of the - 2 kV to a 6.3V reference signal. The resultant 
signal controls the level of the DC input at the center tap of the high voltage transformer. A bias divider, on the 
transformer center tap, provides the HV CHOPPER BIAS signal to the low voltage power supply. 

16-3. INTENSITY AND FOCUS CONTROL. An 87V zener diode and a resistive divider circuit provide the intensity 
and focus voltages. Each modulator provides variable output voltages, within their bias range, under the control of 
the low voltage INTENSITY TV and FOCUS TV input signals. The grid and focus voltages are stabilized by using DC 
control loops. The INTENSITY SAMPLE signal and the HV REF signal are compared, on the scope amplifier module. 
to an input control signal. The result of this comparison is the INTENSITY TV signal. In a similar manner, the FOCUS 
SAMPLE signal is compared. on the scope amplifier module, to the input control signal. This results in the FOCUS 
TV signal. 

16-1 
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SECTION 17 
RF INPUT MODULE (A 11) 

17•1. General. The RF Input Module is subdivided into three isolated circuits; input protection and power meter. 
w b nd amplifier and frequency converter, and duplex generator. A block diagram of the RF Input Module is shown 
In figure 17-1 with its schematic shown in figure 17-2. 

17·2. Input Protection and Power Meter. RF power to and from the system pass through this section to a common 
Input/output RF connector (RF In/Out) attached to the module. In the generate or monitor operating modes the input 
protection relay is switched so that a low-loss 50-ohm path exists through the module. When the power monitor mode 
Ia lected. the WATT MTR EN line switches the relay so that the input is connected to a 50 ohm power termination. 
A detector across a portion of the load provides a DC level proportional to the input RF level. This level is amplified 

11d made available to the system processor for the determination of input power. A termi11al sensor monitors the load 
t mperature and signals the processor when safe operating limits are exceeded. The processor in turn warns the 
operator that the RF input to the unit must be removed to prevent permanent damage. 

17-3. If power in excess of 200 mW is applied to the system while operating in either the generate or monitor mode. 
the Input is automatically switched to the 50 ohm load termination to protect the system. A signal line (INPUT PROTECT 
ACT) to the processor results in an audible and visual warning to the operator that the unit is in a protected mode. 
The warning ceases and normal operation resumes if the RF input is removed or if the power monitor mode is selected. 

17-4. Wideband Amplifier and Frequency Converter. The wideband amplifier provides a leveled RF output from 
3 dBm to + 13 dBm in the generate mode and a - 7 dBm LO drive in the monitor modes over the 10KHz to 1 GHz 

frequency range. Primary components of the leveling loop are: the input VCA (Voltage Controlled Attenuator), the 
output level detector. and the level comparator. A level control voltage, proportional to the desired output level is 
compared to the actual output level as determined by the level detector. The result of the comparison steers the VCA 
maintaining the detected output level equal to the requested output level. In the generate mode the control voltage is 
obtained from the front panel RF level control (AM Mod + DC REF). For generate AM, the modulation signal is summed 
with the DC control level, causing the RF output level to follow the modulation signal. Also, in the generate mode the 
signal from the output level detector (CARRIER -r MOD LVL) is made available for the determination of RF output 
power and percent of AM. A fixed reference voltage is switched to the level control input in the monitor modes giving 
a leveled + 7 dBm local oscillator drive. 

17-5. The VCA on the wideband amplifier board covers the frequency range from 1 MHz to 1 GHz. For frequencies 
below 1 MHz. the VCA select circuit clamps the VCA in the minimum position and enables a low frequency VCA in 
the RF Synthesizer. Coincident with the enabling of the low frequency VCA, the time constant of the output RF level 
detector is increased assuring proper operation down to 10kHz. 

17-6. The wideband amplifier output is relay switched between the local oscillator port of the input mixer for the 
monitor and generate DSBSC modes. and the RF attenuator for the generate mode. An RF sample from the mixer 
local oscillator output terminal, at a nominal level of - 20 dBm, is provided to the duplex generator. 

17-7. The frequency converter section consists of the input mixer, the first IF amplifier, and IF filters. In the monitor 
mode the desired signal is converted to 10.7 MHz by the input mixer. A two-pole input filter, IF amplifier, and a four­
pole output filter select the 10.7 MHz component at the mixer output. The 10.7 MHz IF output of the converter is 
applied to the receive module. 

17-8 . For DSBSC generator the modulation audio is applied to the IF port of the input mixer through an isolation 
network. With the output of the wideband amplifier switched to the local oscillator port, a DSBSC signal is present at 
the RF port. Switching the Step Attenuator to the RF output port makes the DSBSC signal available at the RF output. 
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17.9. Duplex Generator. The Duplex Generator output is a frequency component that is offset from the system 
monitor frequency by 0 to 1 0 MHz or by 45 MHz. The offset is obtained by mixing the - 20 dBm local oscillato,· signal 
from the wideband amp, which is already offset by 10.7 MHz, with a signal frequency from 10.7 MHz to 0.7 MHz or 
34.3 MHz. 

17-10. For the 3433MHz mixing signal , a single VCO is used. Tuning of the VCO is with the OFFSET FINE TUNE 
line from the front panel. Frequency modulation of the VCO is implemented by summing the OFFSET MOD signal 
with the tuning voltage. 

17-11 . For the 0. 7 MHz to 10.7 MHz mixing signal a VCO with a frequency range from 35 MHz to 45 MHz is mixed 
with the 34.3 MHz VCO. The 35-45 MHz VCO is tuned by the OFFSET COARSE TUNE line from the front panel. 

17-12. A sample of the offset frequency is made available to the frequency counter on the OFFSET FREQ line. The 
processor uses the frequency information to calculate and display the actual duplex frequency 

17-2 
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SECTION 18 
FRONT PANEL INTERFACE MODULE (A12) 

18-1. GENERAL The front panel interface module contains the input buffers for front panel control to the processor. 
In addition, buffering and ranging circuits for external scope vertical/horizontal, SINAD, DVM, and frequency counter 
inputs are in this module. A block diagram and schematic diagram of the Front Panel Interface Module is shown in 
figures 18-1 and 18-2, respectively. 

18-2. Input Coupling and Ranging. Scope inputs to the Range Attenuator are from the front panel jack {EXT IN) 
or from the internal modulation sources {INT SCOPE TO RNG SW). An INT/EXT relay selects the input path. The 
external path may be AC or DC coupled and is also the path for external DVM, Frequency Counter, and SINAD inputs. 

18-3. Four decades of attenuation from 1.0 to 0.001 are provided by the Range Attenuator. The input impedance of 
the attenuator is 1.0 megohm compensated for a bandwidth of 1 MHz. A unity gain buffer amp following the attenuator 
provides the drive for the DVM. Frequency Counter, and scope Vertical Preamp circuits. 

18-4. DVM Buffer. For DC measurements the DVM Buffer provides a 2-pole low pass filter with a minimum of 30 
dB attentuation at 50 Hz. For AC measurements the bandwidth of the buffer is switched so that the attenuation at 10 
kHz is less than 0.5 dB. 

18-5. Frequency Counter Preamp. The frequency Counter Preamp has sufficient gain for 30 mV rms sensitivity 
and provides hystersis for noise immunity. 

18-8. Scope Vertical Preamp. A calibrated gain of 50 or a variable gain from 5 to 50 is provided by the Vertical 
Preamp. The gain is controlled from the front panel. From vertical smopepositioning the DC bias point of the preamp 
Is controlled by the front panel position control. Deflection sensitivity at the VERT FROM RNG SW output is 0.5 volt 
per division. 

111-7. Scope Horizontal Preamp. A fixed gain of 5 in the Horizontal Preamp gives a horizontal input sensitivity of 
0.1 volt per division. Horizontal vernier gain is implemented on the front panel, and horizontal positioning on the Scope 
Amplifier module. Deflection sensitivity at the HORIZ TO SCOPE AMPL is 0.5 volt per division 

111-11. Control and Display Interface. Front panel control information is input to the processor in 4-bit groups 
through the AF control bus. Priority encoders convert the multiposition switch positions {scope horizontal, frequency 
scan, and RF step attenuator) to 4-bit codes. The processor sequentially addresses each input buffer {AF ADRS BUS 
0-3) through the Address Decoder. Data in the selected buffer is then transferred to the processor on the AF DATA 
BUS 0-3 lines while the AF BUS EN 2 signal is low. Two additional latches provide the processor control interface for 
the Range Attenuator, input switching, and DVM Buffer control. 

18-9. AF BUS. The AF Bus consists of a 4-bit tri-state bus data AF DATA BUS 0-3 and a 4-bit address bus AF 
ADD BUS 0-3 . Individual input/output bus locations are addressed by AF ADD BUS 0-3. When AF BUS EN 2 is low, 
the function of the AF DATA BUS lines are determined by the address present on the AF ADD BUS lines 

18-10. LED CONTROL. Control output to the d isplay, function, and modulation mode L£Ds is by the AF BUS 
addressed 0, 1, and 2, respectively. Latch select outputs LSO, LS1 , and LS2 are low to latch data present on the AF 
DATA BUS when the corresponsing address is enabled on the AF ADD BUS. These latch select outputs and the AF 
DATA BUS are connected to the LED display board A 14A 1 . 
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Figure 18-2. Front Panel Interface 
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Diagram (Sheet 1 of 2) 
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SECTION 19 
10 MHz FREQUENCY STANDARD MODULE (A13) 

tl•1. Qenenll. The frequency Standard Module provides a stable 10 MHz source and the interface for an external 
10 MHZ Input. A block diagram of the Frequency Standard Module is shown in figure 19-1 with its schematic shown 
In figure 19-2. 

18-2. 10 MHz Oscillator and Control. The internal 10 MHz source is either a temperature compensated crystal 
oeclllator (TCXO) or an optional ovenized crystal oscillator (OVXO). A voltage regulator on the module supplies the 
voUage to the oscillator and monitors the supply current. For the ovenized option. at power on, the oven draws high 
current. As the oven warms up the current decreases. reach1ng some low value when the operating temperature has 
been reached. A current detector illuminates the oven ready indicator when the current has decreased to the stabilized 
value. The indicator is continuously illuminated with the TCXO. 

19-3. Internal/External Switchover. With no signal at the external10 MHz input jack, the internal oscillator is gated 
to the SYNTH 10 MHz and the external10 MHz OUT signal paths. When an external10 MHz input is applied the 
swltchover circuitry detects its presence, removes the power from the internal oscillator, and gates the external input 
to the SYNTH 10 MHz and external 1 0 MHz OUT signal paths. The oven ready indicator is extinguished when the 
system is operating from an external standard. 
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SECTION20 
FRONT PANEL (A 14) 

20-1 . GENERAL The front panel assembly consists of a display board module and the analyzer operating switches 
and controls. A schematic diagram of the front panel assembly is shown in figure 20-1 . 

20-2. DISPLAY BOARD. The display board holds and decodes LED data. A display of 27 LEOs is driven by 24 
drivers and three inputs from external sources. The keyboard is a 5-row by 4-eolumn matrix of momentary contact 
switches. Jumper connections on the board are used to route signals between connectors. The display board consists 
of three latch/decoders, 24 LED drivers, and a 27 LED display. A display board block diagram is shown in figure 20-
2. 

20-3. The three latch/decoders hold and decode input data from the AF DATA BUS 0-3. Signals LSO-LS2 are latch 
selects that transfer data from the AF DATA BUS 0-3 to the corresponding latch. Only one LED at a time can be turned 
on by any of the three latch selects. Each driver is an open-COllector device which sinks current through its respective 
LED. 
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Figure 20-1. Front Panel A14 Schematic 
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Figu•e2(}.2 Fronl Panel A14 (01-80305A64) Parts 

Locetion Oiegram (Sheet 1 or 3) 
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SECTION21 
IEEE - 488 BUS CONTROL 

••• , . INTROOUCT10N 

I t ~, The IEEE Interlace Option enables the use of the Communications System Analyzer as a programmable 
lftiiiUI*nlnt Instrument. When combined with a suitable programmable controller and applications software, the 
fN1t0r fUnctions of the analyzer can be controlled or monitored via an IEEE-488 standard digital interlace. Thus, 
,...,....... teet routines can be performed and the data recorded quickly and accurately with little operator interaction. 

11-3. The Interface characteristics conform to the specifications of the IEEE Standard Digital Interface for 
lttogriiiYWNble Instrumentation (IEEE Standard 488) which defines both the electrical and the mechanical interface. 
Control protooolls also defined by the specification. Control commands which are unique to the analyzer are described 
In dllall In the folowing paragraphs of this section. 

21-4. The controller for this application should be capable of reading and writing ASCII and control characters from 
end to the bus In accordance with the 488 specification. Application software is the user's responsibility as dictated 
by the controller selected, although interface and application assistance is available from Motorola. 

21 -5. The IEEE option package consists of an IEEE Interface module (AS) with a rear panel connector, an electrically 
progremmable RF attenuator in place of the step attenuator on the RF Input Module (A 11 ). a fourteen position rotary 
ewltch on the front panel in place of the step attenuator shaft, and one additional ROM memory IC on the Processor 
module (A9). 

21-8. While in the local mode the IEEE-488 equipped system operates and performs the same as a standard system, 
e11oept the maximum RF output level is reduced to +11 dBm from + 13 dBm. However, when the Remote Enable 
(REN) line on the IEEE Bus is activated many of the front panel controls are disabled and their functions placed under 
bul control. Refer to table 21-1 for a listing of those functions which can be controlled or monitored via the 488 Bus. 
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NON-CONTROLLABLE FUNCTIONS 

Sincecontrolendmonitorlunctionsoltheinter· not implemented in the interlace due to their 
lace are implemented to obtain remote measure- local operator orientation. A list of these oper­
ment capability, certain fron t panel controls are a tor oriented controls are as follows 

Powet r.!Odell\diu.Jors 
Qi~ly FOCUI 

Ditpley lnt..,lity 
Olsp&r~ion/S-p 

Scope.IDVMVIrlicliiVI'<nil< 
Scope Trigger Level 
Scope Trigger SlOpe 
ScopeHorizOfltiiiS_V..,.nier 

5eOpeVerlie.IPolition 
5eop~Hotil0<1\al Position 
Recei¥9rSqueleh 
RIK:Ii-VOIUmtl 
ZeroBttatlndii;.IIOt 
RFSean 
RFMemoryTible 
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Do!!¥ilfi0<1Umil 
Ba111ryVo1tage Reading 
Oe..ialionLimitAiatm(Oiaabled 

... ,~=·~=~t~~::~l 
BanaryS.IOwlimii Wi rn lng 
BFOFrequen<;yAdjust 
Oth«Oac:ltl.lto...ldjuot 

MoOilflllle?/K>ne Tone 1 lrod 
Tont2Frtqueno: iel 

- J 

- ] 

- ] 

" ] 

] 

,. ] 

] 

] 

J 
J 
J 
] 

21-8. The following discussion briefly describes the 488 B us operation. II is not a complele definition of the total bus 
Struc1ure or capabi~. For complete infOfTTlation a copy of IEEE Standard 488 shoUd be obtained 

21·9 • . Bus Signals. The IEEE-488 Bus consists of t6 parallel Mles. The lines are divided into three groups. Lines 
D101 -0108. Date Input Output. IOfTTl the 8-bit data bus lor the bidirectional transfer of control and ASCII characters 
Three handshake lines, Data Valid (DAV), Not Ready lor Data (NRFD), and Not Data Accepted (NOAC). control the 
transfer of data on the data bus. The remaining frve lines can be termed the t>us management ~nes with functions as ·-· Attention(ATN) 

lnterlaceCiear (IFC) 

5erviOeRequest(SRQ) 
Remote Enable (REN) 
Endor lncler1tify(E01) 

-When true the data bus carries an address or a command when 
lalseitcarriesdata 

-When true aJ devices on the bus are placed in a known quiescent 
state 

- Indicates a deviCe on the bus needs serviCe 
- Enables the remote control feature of the devices on the bus 
- IndiCates the end of a multiple byte transfer. 

21·10. Data Transfer. Each byte of data that is transferred across the data bus issyoc:hroflzed with a handshaking 
procedure. This procedure alkJws devices with different data transfer rates to share the same bus. The handshake 
cycle starts when the source device which has data to transfer chocks for a false condition on the NRFD line. When 
NRFD is false. al ctEwiOes on the bus are ready to accept data The source then pots the data onto the data bus and 
sets the OAV to its true state. The acceptor devices inputs the data, sets the NRFO line to its true state, and when 
ready set the NOAC line to its false state. Because the NRFO and NOAC lines are wire-ORed the line wiN not go to the 
false state until aa devices on the bus have released the ~ne . Thus the slowest device on the bus determines the 
transfer rate. When the NOAC line goes false the source devices set the DAV false which in tum causes the acceptor 
deviCes to set the NDAC line true. When the acceptor devices have completed processing the data byte just received 
they allow the NRFO ~ne to go to the false state completing the handshake. As the data transfer confines the cycle 
repeatsforeachdatabyte 

2 t -11 . Bus Address. Each device on the bus is assigned a four bit address by the programmer. The address 
assigned to the device is set tly an address switch within the deviCe. On the analyzer the address switch is on the 
IEEE Interlace Module. Only the top lour switches are used to set the a<klress. The fifth switch is unused. To set the 
address use the binary equi~alent of the address numtler and set the switches to the ON positioo for a logic 1. The 
Jeastslgnilieantbit isthetopswitch 

21·12. Programming 

21-13. Programming the system analyzer consists o! first addressing the unit as a listener, transferring the control 
corrvnands to the unit. and then sending a corrvnand temW'lation sequence. To obtain data from the system, the 
pertinentcontrolcorrvnandsarufirsttransferrBdtotheunitand thBntheuoit is addressedasa talkBf. AsataJkBfthe 
systom outputs onto the bus the data requested by the control commands 

21-14. The bus controller is the central part of the automatic system. The program, consisting ol sequences of 
analyzer confrol commands and sequences of controller instruc1ions for hand~ng the return data. is contained within 
the controller. The user must Mally write the program so that the desired test sequences and data outputs wilt be 
obtained. The tollowing paragraphs define the Instruction set and data tormats that can be used to control or wilt be 
retl.llllBd from the systom analyzer. The user must insure that the controller is compatible with the IEEE-488 Standard 
bus and that its program is correct for the instruments on the bus 
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21-15. Command Structure. Each command consists of a two letter definition prefix followed by a numeric data 
field. The data field will vary in length and structure according to the definition prefix as shown in table 21-3. Spaces 
may be inserted anywhere in the command but are not required. Each letter or number of a command is transferred 
from the bus controller to the analyzer in ASCII format. ASCII defines a 7-bit digital code for each letter, number, and 
symbol commonly used in computer programming. 

21-16. The first letter of the two letter prefix identifies a command category with the second letter identifying a 
particular command within that category. A listing of the command categories and the corresponding first letter is 
provided in table 21-2. A complete list of commands is shown in table 21-3. 

A 
c 
F 
G 
K 
M 
0 
R 
v 
w 

Table 21-2. Command Categories 

Audio Synthesizer 
Control 
Frequency Counter 
Generate/Monitor Control 
Keyboard 
Modulation 
Oscilloscope 
Receiver 
Voltmeter/Distortion Analyzer 
Wattmeter 

21-17. The data field is comprised of five sub-fields as shown: 

± 
I 

DATA SIGN 

n.n 

I 
E 
I 

EXPONENT 

DATA VALUE 

± n 

I I 
EXPONENT MAGNITUDE 

EXPONENT SIGN 

Data limits and accompanying units are given in table 21-3. The data field is optional or not allowed for certain 
commands. 

21-18. Data Sign. The data sign is a single ' +· or ' - · character indicating the sign of the data value. The sign may 
be omitted for positive value data. 

21-19. Data Value. The data value field is restricted to the numbers ·o· through '9 ' and ·.'. A maximum of five digits 
to the right and to the left of the decimal point are allowed. The decimal point can be omitted for integer values. If the 
value field is omitted, it is assumed to be zero. 

21-20. Exponent. The presence of the " E" character in the exponent field indicates that the data value is to be 
multiplied by 10 raised to the power following the " E" character. If the " E" is omitted the exponent is assumed to be 
10• or1 . 

21-21 . Exponent Sign. The exponent sign is a single + or - character and can be omitted for positive exponent 
values. 

21-22. Exponent Magnitude. The exponent magnitude is a single character 0 through 9. If the exponent magnitude 
is omitted, it is assumed to be zero. 
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21-23. The following are examples of correct data fields for the value 12.34: 

0.1234 E+ 2 
+ 12.34 

+ 0.1234 E2 
12.34E 

1234 E-2 
+ 1234 E-2 

1234.E-2 
12.34 EO 

21·24. Command Strings. A command string consists of either a single command or multiple commands in 
succession with or without embedded spaces. A command string must be terminated with a carriage return and a 
line feed character. 

21-25. Command Types. Each command is one of three basic types, control selects (C), data entry (D), and output 
requests (0 ). Type information for each command is listed in table 21 -3. 

21-26. Control Selects. Control select commands select front panel switch settings. Some of these commands do 
not require accompanying data, such as toggle switch commands. 

21-27. Data Entry. Data entry commands replace manual entry of data through the keyboard. All of these commands 
require data in the data field. 

21-28. Output Requests. Output request commands allow data that is normally displayed on the CRT to be 
transferred to the controller. Accompanying data is not required with output requests. The data limits and units listed 
in table 21 -3 for these commands refer to the return data. Output request commands cause the analyzer to go to the 
proper display, function, and mode to acquire the designated reading. These states are listed in table 21-3. The 
measurement however, is not made until a trigger command 'T' has been sent from the controller. The trigger command 
causes the measurement to be made and the data held for transmission to the controller. Then when the controller 
addresses the analyzer as a talker the data is output to the controller. A reading can be retaken for any number of 
triggers without repeating the output request. The request is lost however, when any command changing the display, 
function, or mode is sent. 

21·29. Trigger Command. The trigger command is the exception to the two character command prefix. This 
command is simply the letter 'T' usually sent immediately following the output request command. If no output request 
is pending, the trigger command is ignored. 

21-30. Return Data. The data returned from the analyzer is formatted similar to the control data as shown . 
.-- + _.- n .,-E -,n 

DATA SIGN DATA VALUE EXPONENT SIGN EXPONENT MAGNITUDE 

The data is always returned in this format with a single exception. Data for the " RP"", signal present, command is 
returned as a single digit having a value of " 0" or " 1 " . 

21-32. Data Value. · The data value is 1 to 5 digits in length with leading zero suppression and no decimal point. 

21-33. Exponent and Exponent Sign. The letter 'E' followed by a '-' character is always transmitted with return 
data. 
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21 -34. E~ponent Magnitude. The e~ponent magnotude os a single d!Q•I woth a value lrom 0 to 9 . The O!Qot indiCates 
The negatove power olten that is to be multiplied W ith the data value to obtaon the units ~sled in table 21 -3 

21 -35. ProsJr• mming Commtnw:ls. Table 21 -3hts the programming commands ava~able lor the system analyzer. 
The table odentilles the category and type of command. the data limits and IXlits. the command !unction. and at~y 
display. lunction. or mode change that would occur. 

21-38. Tenninel Mode. When the command "CD\2" is used. the system terminal mode is en11bled. The terminal 
mode allows the analyzer"s CRT display and keyboard to perlorm as a limited lunction 110 termini!ll . Possible uses for 
the terminal mode woukt be to provide test instructiOns to a test operator at an auto test station 

2t -37. Display Format. Onoe the ·cot2· comrnana has been sent the terminal mode has been entered. AJ lurther 
ASCII valid charade<$ sent tmm !toe controller" will appear on the CRT display. The total display area on the CRT is 
IS lines ol30 characuws each. Character entry on the CRT is on the bonom line. Each line leed charactft" causes the 
bottom line to move up one place. If more than 30 IWMts are entereO. the top lines are lost off the top olthe display. A 
~valid ASCII characters tor the display is provided in table 21 -4. AI invalid characters are ignored in the tenninal 

21 -38 Keyboard Entry. In the terminal mode the keyboards on the analyzer may De used to input data to the bus 
controller. The ten numeric keys and the ten cursor key have predefroed ASCII characters. Thecharactercon-esponds 
to the number on the key for \t1e numeric keys. For the left cursor key. carriage llllum and n feed d"laracters are 
sent. The down cursor key causes a bus service request to be generated regardless of the operatng mode. TNs key 
could be used to halt an automatic test sequence 

2t -39. The remaining pushbutlons are defined. prior to entering the terminal mode, with the use ot the keyboad 
control cornmanas listed ln table 21-3. Each key is asSigned an ASCII character by following the Kn command Pfefi~ 
w1th the I:Secimal equivalent of the bonary ASCII code tor that character. A list of valid ASCII characters and their binary 
i!lnd decimal equivalents are listed in table 21-4 

21 -40. Data that iS entered from the keyboard is stored ifl a 9 character buffer unt~ addressed by the bus controlef". 
If more than 9 keypressn occur before the oontrollef accesses the analyzef". the e~tcess inputs are lost Once the 
controller has addr~sed the analyzer. !he anatyzer_lfansn'lltS the character data to the controller. The analyzer wil 
continue to transmit . Of' hold up the bus handshake il no keys have been pressed. until the leh cursor key., pressed 
Thus every data string entry from the keyboard must terminate w ith the left C\KSOI" key. As the aata is transmitted to 
the controller it is also entered onto the CAT aosplay. 

J 

J 
J 
J 
J 
] 

] 

J 
l 
] 

1 

21 -41 . Terminal Mode. E~it . An ASCII end of uansmissiOn character {EOD sent from the controller w~l terminate 

~~~n:~:~;::"pu~ mode is terminated the analyzer returns to the Gen/Mon MIT display, ana is ready to l 

~~m_E,:"~~uc::;,a:an~rne,:~:~n:~t:a:ly~~':=r::~~~~~ J 
the analyzer is unable to deaxle the commana it generates an error message and ignores al succeeding commands 
To dear the error condition the bus controller must address the analyzer as a talker so that the error message will be 
translerredtothecontrolle(. 

21.43. The format of the cron message is 

ERROR nn (CR)ILF) 

The two cligot number nn delines the error conal\lon as b led in table 2 1-5. The_camage return (CR) arcj line feed (LF) 
characters are the termination sequence used by analyzer whenever ~ transmits information. AI characters are ASC 
II coded 

Error Code 

00 
01 
02 

" 04 
OS 
06 
01 
08 
09 ,, 

Table21 -5. Error Messages 

Condition 

Data requested without triggef 
Invalid mnemonic preli• 
One cna•acter mnemonic (no! T) 
lnvafid moemonic sutli~ 
Exponent ove-rllow 
Dataunderllow 
Data overflow 
Data transmitled, not allowed 
Invalid data 
AF input power e~ceeded 
l..evflor mod controlerror 

21-44. To effectively utilize the error message capability of the analyzer ot os necessary to address the~ as a ta lker 
alter the transmission ot each command string. The bus controller must then be prog.rammeO to rec:ogrMZe the error 
message and to decode the error number. A successful data tra11smissi0n wi" send back an error code 00 when 
addressed as a talker. The controller should be prog1ammed to ignortt error 00 and to dosplay any other error to ttltt 
operator. Of course il a valid ou tput command followed l)y the 1!'\gger command was sent, the talker address woll 
resultin therequested data beingoutput to the controller. 

21-45. service Requesls. There are only twO conditions that will cause the analyzer to generate a _serviCe_ request 
(SAO) on the bus. If a SAO is generated it must be clearell l)y a serial pol of lhe ani!llyzer. The_ ~al poll IS a bus 
command w hich results on a data byte being sent to the controller from the analyZer. The data byte indK:ates the cause 
of the SAO. Table 21-6 ~sts the SAO causes and the corresponding serial poll data 

Tal:lle21 -6. SROData 

Return Data 
Condition 

Binary DEC 

Depressing Cursor OtOOOOOt 65 
Down Key 

RFioadover 01000010 66 
Temperature 

- ] 

- ] 

- ] 
. ..., 

J 

Jl 

J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 

J 
J 
J 

llble21-4. Terminal Mode ASCII Characters Printal:lle Characters -- EQI..lvalent 

-= ASO• ..,..., .... Doc """'· '"""" .... "" ., oo•ooooo 20 32 ~ OU)OOOOO " .. 
·'· 

OOHXXlOl " 33 01()()()()01 " 65 
00100010 22 34 . 01000010 42 66 , 00100011 23 35 c 0100001 1 43 67 I 00100100 " 36 0 01000100 44 .. .. 00100101 25 37 E 01000101 <5 69 

~ 00100110 26 J8 F 01000110 46 70 
00100111 27 " G 01000111 47 " I 00101000 28 40 H 01001000 .. 72 

! 00101001 29 " I 0 1001()()\ 49 73 
00101010 2A 42 J 01001010 4A 74 

+ 00101011 26 43 K 01001011 4B 15 
00101100 2C 44 L Ot0011 00 4C 76 
00101101 20 45 M Ot OOIIOt 40 77 
0010111 0 2E 46 N 01Cl011t0 4E 76 

I 00101111 2F 47 0 01001111 4F 79 0 00110000 30 48 p 01010000 50 80 

' 00110001 3• 49 0 01 010001 " " 2 00110010 32 50 R 01010010 52 62 
3 001 t 001 1 33 " s 01010011 " 

., . 001\0tOO 34 " T 01010100 " " 5 00110101 35 " u 01010101 55 85 • 00110110 36 " v 01010110 56 .. 7 00110111 37 55 w Ot 0\0111 57 87 8 00111000 J8 56 X 010t l 000 58 .. 
9 0011 1001 39 57 y 01011001 59 89 

00111010 3A 58 z 010110t 0 SA 90 
001 11 011 38 59 I 01011011 58 .. 
00111100 3C 60 01011100 sc 92 - 00111101 30 ,, i 0101\101 so 93 

? 
00111110 3E 62 01011110 SE .. 
00111111 3F 63 01011111 SF 95 

NON-PRINTING CHARACTERS 
Eq.Jivalent 

ASCII 
C>w. Binary .... Doc 

EOT' ooooo•oo 04 . 
BEU.. 000001 11 07 7 
BSP OOOOU>OO 06 8 lF 00001010 OA " CR 00001101 00 " ·causes ekit from termnal mode 
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fl ................. ~- The flexibility of the IEEE-488 option Ia r~ed in the number of 

tr:.:..==T;:,~~:~:::r::~:·=~=~stwJuldbelolla.wd 
~tl411 ....... o-.11, programming lhe analyzer invotvea the same steps as are involved when usil_'lg it~­
A....,.... '-' be l.wty eMily obtained by first IJI'ffonning the desired ~ ~ manually noting each time 
1 """""" C1fW108C1 tll"ld e reedW1g made. The program is then simply a duplication ollhe manual steps with control ---...... OIMtMt Mode. For accurate level control it is best to specify the generate frequency prior to the AF output 
.,., f'Ot ••Miflle. the command string 

CGGFIOOGL5 
... 1M g.nefllte mode. a frequency of 100 MHz and an output level ol + 5 dBm. 

,,.... CocM SynthHizer. Before enabling the ouplut o1 thl!l code synthesQer with a~ MS. ME. Of' MK command, 
.. tfW neot1M1Y l*ameters must fitst be defined. Table 2 1-71isti the modes and the.- toniOIIe<;l po~rilmelert that 
,_.10 be IM-floed. 11 should be noted !hat these parameters do not need to be defined each lime a mode Is selected. 
Qrlly When t~ are to be cl"langed lor that mode 

JHIO. Alway• Nlect a. tone mode before selecting a tone sequence ie: command an AM before AS as In AM4 
AlfiiOf "S.I. V. EEA" sequence 

• 1•61 Bolh.equence 3anct sequence • in tone mode 1 (A/8) are user selectable. This mei!lns that the AlB UWe 
~from Table 21-7 could also read AlB User Sequence AMIAS4AXIAYIAZIMM2MS3MM4 

'I ·~ When Mlecting AM3 (mobile telephone sequence) it is not possible to modify the frequency of the tones 
With tile M or AB commands. The frequency of the tone can only be changed through manual entry. When the 
11nalyt•r 11 powered up, the frequency of the tone is whatever was last entered manually and retained in the non­
'101!111111 memory 

!it ·&:! To Ht up a code synthesizer level (AM OOpth or FM deviatiOn) with the MS command il ls necessasy to 
llttti !IMOI Ione A or tone El (MM2 or MM3). Therefore, always request MM2 or MM3 before setting up a level with 
thll MS command. If a tone sequence is desired, follow the MS command will"! an MM4 or MMS 

Table 21 .7 CoOe Synthesize~ Programming Considerations 

'"" ' COmmand Strin .. , 
CFOA0131MMOMS3 FM. OPLCode 131 . 3kHzFM 

lll'tlnYIItld Coae CfA0313MM1MS5 ft.\, OPI..CodeJ13, 5kHz FM 

"' .. Cf2Af'60.SMMM$30 AM. P\.60.5 Hz • .30% AM .... """"""""' I'M. 2000Hz. 3kHzfM 

..... a CFAB2!XXJ.4M3MS3 FM. 2000 Hz. 3kHz FM 

I!IMKtmol• CFAAt.5EJABJOOAM1MM2MS3MM5 FM. M00e 1. A·1500ttz. B•300ttz, 3kHz Ft.\ 

Ah fttliliii!~IOI CfAM1AS1AAtE3AB2E3MM2MS3MM5 FM. Mode I . seq. 1. A• \ kHz. 8"'2kHZ, 3kHzfM 

M!l""'~ AMI . AS3AX1AY1AZ1MM2MS3MM4 1 sec. onlofftimes. 3kHzFM 

'-""<"--""""""- AM2ASV.F t-23456MM2MSJMM4 PreounD!fi &Stones. 3kHz FM 

......... !~ AMlAS2AT8200389MM2MS5MM4 PrumDie&Tdigits, SktizFM 

_wj ltiOOMSs.t V AM-4AS4AV98765MM3MS5Mt.W 5 tones. 5kHz FM 
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21 .54 Modulation. The system analyzer is capable o1 modulating with three sim~ soun::es. Tho oommands 
ME. MK: aod MSonlyaflecl~r individual portion ollhe101aloutput. Thus 1oaYOidinadllertentty having an unwanted 
modulatoon source enabled !l iS recommended that a• three IIOUrce values be defined together. For example: 

CFMKMSME20 
selects the FM mode. disables the 1kHz and code synthMizefrnodl.talion. and set20kHzdlrYiationfromtheextemal 
input. The external input must be applied 10 the analyzer prior to sending this command 

21-55. For the _generate AM mode tho frequency and output leYel must be defiJ'l8(! prior to selecting the modulation 
leYel. The ~lowing command string iSot the proper sequence to obtain 30% AM at tOO Mz with a leYet ol - tOOdBm: 

CGGF 1 OOGL-1 OOMEMSMK30 

21-56 . . The bandwKtth control commands, AN and RW. range the generate FM modulator sensitivity. For greater 
resolutoon and faster set up time lor deviations less than 20kHz use the roarroowband 'AN' command. Above 20kHz 
Oeviation the wideband "AW command must be US&d. 

21.57 Either upper or lower case laners can be used if1 programming the anelyrer. In the terminal mode, low&r 
case leners wil appear as upper case lenttB on !he CAT screen 
21 -~ . Me~ts. Toobl.ainoorrectmoMoriTIOOedatait is neces.sarytofirsl:setthefrequency, barodwid!tl , 
and mage poor to making the reading. Thus, it is a good praaice to always place the reqUBSIIor a reeding as the 
last command in the 5tring. For e)(ample the command string: 

CMANAHGF95.SAET 
selects the monitor mode, narrowband, hOgh •mage. and 95.5 MHz center frequency. The 'RET command a5b for 
a frequency error reading and triggers the analyzer to that the reading win be made 

21-59. R2002C Anetyzer Confl9ul"8tlon 

The A2002C analyzer differs if1 configuration from the standard A200 tC in the following manroer 

All Module: The manual anenua1or All is replaced with a programmable ver-sion . A new ribbon cable il558mbly 
connected to the A8 module provides control signals lor the anenuator 

A9 Module: AOclitionat memory lor the IEEE program is added by adding US 

Front Panel Assembly At4: Rotary switch S t9 is added lor control ot the RF tnpUUOutputlevel 

Module A8 is added to the analyzer (we Section 14 for Getails). Ribbon cable assembly is added from 1he A8 
moduletotherearpanel of the analyzer to provide ItO signals 

For conversiOn of R2001C to R2(X}2C. conti!ICI your local area test equipment sales office 
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fty; Ita- that require clarification r e late t o the eodf! aynthesizer functions 
Md ~ify paragraphs 21-t.S thru 21-50 u follo-: 

1. Alvaya aeleet a tone mode before •elect ing a tone sequence, i.e: select 
an AM before selecting AS (table 21-7, la1t five elUllllple s are in .. rror) 

2. Un ASJ or AS4 to select A/B deby (AW, AX, AY, A.Z). AS5 1a no longer 
available (table 21-7, l a st example 1a in error). 

). To lll!t up a code synthe s ize r level ( AM dapth or FM deviation) with the HS 
co.and it i e necessary t o se lect t one A or tone B fir s t (HH2 nr HKJ). 
Therefore, alway a r e que s t HH2 o r KH3 before se tting up a level with the KS 
co..and. If a t one sequence is desired , fo llow the HS comaand with an MM4 
or HM5 . 

4. When select ing AHJ (1110b1le te l ephone aaquenc.e) it 1a not pos&ible t o -adify 
the frequency of t he tona s with the M o r AB co~~~~o~~nd s. The frequency of the 
tone can only be changed through manual entry, llhen the analyzer i s povered 
up, the frequency of the tone ta whateuer was las t entered llliluually and 
r etained in the non-volatile me1110ry . 

5, The analyzer now r ecognizee lower ca1e lettf!ra in terminal DOde and in 
COIIIIIIII"IdS. 

6. The following chart i l enc l osed to c larify the va tioua functions available 
with the new code aynthe&1zer. 
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MOTOROLA INC. 

Communications 

MOTOROLA BATTERY PACK 

Group 

I. DESCRlPTION 

The RTP-1002A is a battery pack and charger 
designed to be mounted to the back of the R-2001 Com­
munications System Analy7.er. The unit contains battery 
capacity to operate the R-2001 for approximately one 
hour. A constant current charging system is capable of 
recharging the batteries in 16 hours. 

2. OPERATION 

2. 1 The RTP-1002A Bat tery Pack is automatically 
engaged when no ac power is present , and the 

power switch is either in the ON or STANDBY posi­
tions. When ac power is applied, the R-2001 auto­
matically switches the RTP-1002A Battery Pack out o f 
the circuit and draws its power from the ac power 
source. 

2.2 When the power switch is in the OFF or STAt D-
BY position and ac power i' applied to the 

R-200 1, the RTP-1002A Battery Pack draws de current 
from the R-2001 to activate the charging circuit. The 
charging circuit del ivers approximately 750 rnA of cur­
rent unt il the batter,· \'Oitage reaches 14 ,·olts. As the 

H IGH CHARGE 

INDICATOR lEO 

RTP-\002A 
BA.nERY PACIC 

MODEL RTP-J002A 

battery voltage reaches 14 volts, the current drops to ap­
proximately 25 rnA and the high-charge indicator LED 
extinguishes. 

2.3 When the R-2001 systems analyzer is used with the 
RTP-I002A Battery Pack , it is recommended to 

keep the power switch in the ST A DBY position 
whenever possible. This extends the time the battery is 
able to operate the R-200 1 Communications System 
Analyzer. The low trickle charge rate enables the bat­
teries to be left on charge indefinitely without damage 
due to overcharging. 

CAUTION 
Do NOT permit battery discharge below 
10.4 V de as indicated on CRT in DVM 
display mode; immediately turn unit 
"OFF". Allowing battery discharge 
below this level may result in permanent 
damage to the battery. The R-2001 sho uld 
be plugged into ac power (11 71234 V ac) 
with the power switch in " OFF" or 
" STA DBY" posit ion to recharge the 
batteries. 

• •f"S-llll'f1-(l ...,. 

RTP-1002A Battery Pack Mounting Detail 

M otorola, Inc 1981 
All Rights Rrsrr,·ed 
Printed in U .S .A . 
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